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  1. Einleitung 




1.1 Gegenstand der Untersuchung 
Streptococcus agalactiae gehört zur Gattung Streptococcus. Gemeinsam mit den 
Gattungen Lactococcus und Enterococcus bildet sie die Familie der Lactococcaceae. 
Streptokokken können traditionell nach zwei phänotypischen Kriterien eingeteilt werden: 
erstens nach ihrem Hämolyseverhalten und zweitens nach einer von Rebecca Lancefield 
entwickelten serologischen Reaktion. S. agalactiae sind beta-hämolysierende 
Streptokokken der Lancefield-Gruppe B. Sie zeigen auf Blutagar eine komplette 
Hämolyse, die sogenannte beta-Hämolyse (Hof, 2005). Nach dem Abbau der 
Erythrozytenmembran wird ein vollständiger Abbau von Hämoglobin zu Bilirubin bewirkt. 
Dieser Vorgang wird durch beta-Hämolysin/Cytolysin (ßH/C) verursacht (Marchlewicz and 
Duncan, 1980; Okazaki, et al., 2003). Das beta-Hämolysin wird über den cyl locus kodiert. 
Dabei verschlüsselt cylE zusätzlich ein carotinoides Pigment, dieses färbt die Kolonien 
leicht orange und ist ein speziesspezifischer Virulenzfaktor (Liu, et al., 2004). 
Bereits 1933 entwickelte Rebecca Lancefield eine Präzipitationsreaktion mit deren Hilfe 
Streptokokken in die Lancefield-Gruppen A bis W eingeteilt werden können. 
Laborchemisch beruht der Test auf einer Antigen-Antikörper Reaktion, basierend auf der 
C Substanz (C = carbohydrate (engl.), Polysaccharid; Gruppe D: Teichonsäure) der 
Zellwand hämolysierender Streptokokken. Er wird praktisch als Latexagglutination 
durchgeführt. Aufgrund der Zugehörigkeit zur Lancefield-Gruppe B werden S. agalactiae 
allgemein als Gruppe B Streptokokken (GBS) bezeichnet. Lancefield definierte 1934 
außerdem zwei Zellwandantigene für GBS: die gruppenspezifische C-Substanz und die 
typenspezifische S-Substanz, diese ermöglichte eine Einteilung in drei Serotypen (I, II und 
III) (Lancefield, 1933; Lancefield, 1934; Lancefield and Freimer, 1966).  
Als ein weiterer diagnostischer Marker wurde 1944 die CAMP Reaktion von Christie, 
Atkins und Munch-Peterson beschrieben (Munch-Petersen, et al., 1945). Es handelt sich 
um eine wechselseitige Verstärkung der Wirkung von β-Toxin (Sphingomyelinase), 
welches von Staphylococcus aureus Isolaten gebildet wird, und einem extrazellulären 
Produkt von GBS Isolaten, das unter dem Acronym CAMP Faktor bekannt ist. Diese 
Reaktion führt zu einer verstärkten Hämolyse. Der CAMP Faktor wird über das cfb Gen 
kodiert (Schneewind, et al., 1988). 
Die Zellwand von GBS besteht, wie bei allen Streptokokken, aus einer mehrschichtigen 
Mureinhülle und aus Lipoteichonsäure. GBS zeigen daher in der Gramfärbung ein Gram-
positives Verhalten. Weiterhin sind GBS katalase-negativ, nicht motil und sie bilden keine 
Sporen. Sie lassen sich auf bluthaltigen Nährböden anzüchten; gut geeignet ist 
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Schafblutagar. Sie wachsen unter aeroben sowie unter anaeroben Bedingungen. Ihr 
Wachstumsoptimum liegt bei 37 °C in 5 Prozent CO2-haltigem Milieu. Organische Stoffe 
werden über Fermentation verstoffwechselt. Die anaerobe homofermentative 
Milchsäuregärung dient der Energiegewinnung, es entsteht Milchsäure als einziges 
Gärprodukt (Hof, 2005). 
Neben dem Hämolysin können GBS weitere Exoenzyme produzieren, wie 
Desoxyribonukleasen, Hyaluronidasen, Neuraminidasen, Proteasen, pyogenes Exotoxin 
und Lipoteichonsäuren, die als potentielle Virulenzfaktoren gelten. In der Pathogenese 
von GBS spielen verschiedene Faktoren eine Rolle, welche die Adhäsion, Invasion und 
die Immunevasion des Erregers ermöglichen (Lindahl, et al., 2005). So können GBS 
direkt mit Thrombozyten interagieren und sie zur Aggregation bringen. Dies geschieht 
durch eine Aktivierung des FcGammaRIIA Rezeptor Signalwegs, der Phospholipase C, 
Gamma2 (PLCGamma2), Calcium-/Calmodulin-basierende Myosinkinase II (CaMKII) und 
phosphorylisierte Myosin light chain (MLC) enthält. GBS-Isolate von septischen Patienten 
und solche von gesunden Trägern weisen unterschiedliche Muster der Aktivierung 
thrombozytärer Signalkaskaden auf. So binden nur GBS Isolate von septischen Patienten 
Fibrinogen an ihrer Oberfläche und induzieren damit die Thromboxansynthese, 
Thrombozytenaggregation und die Expression von P-Selectin (CD62P) (Siauw, et al., 
2006). GBS sind weiterhin in der Lage, Pili zu exprimieren. Diese spielen eine Rolle beim 
Anhaften an der Wirtszelle, sie dienen damit der Kolonisierung (Lauer, et al., 2005). 
 
1.2 Entdeckungsgeschichte 
Gruppe B Streptokokken wurden zuerst von Veterinärmedizinern entdeckt. E. Nocard und 
A. Mollereau isolierten 1887 aus der Milch einer an Mastitis erkrankten Kuh kettenförmige 
kugelige Bakterien. Diese bezeichneten sie zunächst als Streptococcus nocardi und 
später als Streptococcus de la mammite (Nocard, 1887). E. Hess und A. Borgeaud (1889) 
sowie A. Guillebeau (1890) führten den Namen Streptococcus mastitis contagiosa ein 
(Guillebeau, 1890; Hess, 1889). T. Kitt benannte diese Bakterien 1893 als Streptococcus 
mastitis et agalactiae contagiosa (Kitt, 1893). Von K.B. Lehmann und R. Neumann wurde 
1896 die bis heute verwendete Bezeichnung Streptococcus agalactiae geprägt (Lehmann, 
1896). Der Name S. agalactiae lässt sich mit „der Streptokokkus, der die Milch 
wegbleiben lässt“ übersetzen. Er zeugt von den verursachten Symptomen. 
 
Bis in die Mitte der 30er Jahre des vergangenen Jahrhunderts galten S. agalactiae als 
nicht humanpathogen. 
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Im Zusammenhang mit der Untersuchung von schweren Fällen der Puerperalsepsis 
beschrieb R.M. Fry 1938 erstmalig die humanpathogene Bedeutung von S. agalactiae 
(Fry, 1938). 
Tatsächlich zählen GBS bis heute zu den häufigsten Auslösern neonataler Infektionen wie 
Meningitis, Sepsis und Pneumonie (Heath, et al., 2004). 
 
1.3 Klinische Bedeutung 
Das natürliche Erregerreservoir des Menschen ist der Gastrointestinal- und 
Urogenitaltrakt. Weltweit sind gesunde Frauen zu 20 – 40 % mit den Erregern sowohl 
rektal als auch vaginal besiedelt (Kowalska, et al., 2003; Kunze, et al., 2011; Marconi, et 
al., 2010; Muller-Vranjes, et al., 2011; Schrag, et al., 2000). In Deutschland sind bei 
durchschnittlich 16 % der gesunden Frauen GBS nachweisbar (Brimil, et al., 2006). In den 
USA konnte festgestellt werden, dass der Anteil der Frauen mit Besiedlung in der 
schwarzen Bevölkerungsgruppe mit 40.6 % am größten ist. In der weißen 
Bevölkerungsgruppe sind 20.3 % der Frauen besiedelt und in der hispanischen Gruppe 
26,9 % (Hickman, et al., 1999). Kürzlich wurden in einer großen Metaanalyse Daten aus 
37 Ländern aufgearbeitet. Diese Studie ergab eine durchschnittliche rektovaginale 
Besiedlungsrate von 17,9 %. Dabei wurde die höchste Prävalenz, mit 22,4 %, in Afrika 
festgestellt, gefolgt von Amerika und Europa, welche Besiedlungsraten von 19,7 % und 
16,1 % aufwiesen (Kwatra, et al., 2016).  
GBS können gelegentlich leichte Erkrankungsverläufe bei sonst Gesunden auslösen, z. B. 
Harnwegsinfektionen. Weiterhin können Haut-, Weichteil-, Knochen- und 
Gelenkinfektionen beobachtet werden. Selten treten Fälle von nekrotisierender Fasziitis 
sowie des „Toxic Shock-like“ Syndrom auf (Cheng, et al., 2013; Gardam, et al., 1998; 
Watanakunakorn and Habte-Gabr, 1991). Immunsupprimierte, ältere und chronisch 
kranke Menschen sowie Neugeborene (siehe a.a.O.) sind besonders gefährdet, an 
invasiven Infektionen wie Pneumonien, Sepsis und gelegentlich Meningitiden zu 
erkranken (Ballard, et al., 2016; Brigtsen, et al., 2015). 
GBS sind heute die Hauptursache von Sepsis, Meningitis und Pneumonie bei 
Neugeborenen (Schrag, et al., 2000). Eine Übertragung von GBS von der Mutter auf das 
Neugeborene führt bei 1-2 pro 1.000 Lebendgeburten zu einer Infektion (Schuchat, 1998). 
Diese Infektionen können zu Spätfolgen, wie neurologischen Ausfällen, und sogar zum 
Tod führen. Eine aus den USA stammende Untersuchung gibt 14.573 invasive Infektionen 
und 1.348 Todesfälle durch GBS zwischen 1999 und 2005 an (Phares, et al., 2008). 
Prävention, Diagnostik und, im Bedarfsfall, die Bekämpfung von GBS spielen daher in der 
Geburtshilfe und Kinderheilkunde eine große Rolle. 
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Bei mehr als 95 % aller besiedelten Säuglinge verläuft die Übertragung vertikal von der 
Mutter auf das Kind (Centers for Disease Control and Prevention, 1996). 
Eine Infektion des Neugeborenen kann während der ersten postnatalen Stunden bis zum 
6. Lebenstag („early onset“) bzw. nach einer Latenzzeit von 7 Tagen bis zum 90. 
Lebenstag („late onset“) auftreten (Schuchat, 1998). Literaturangaben beziffern 
Mortalitätsraten von 10-15 % für „early onset“-Erkrankungen sowie von 2-6 % für „late 
onset“-Erkrankungen (Bartfield, 2000; Nizet, et al., 1997). Hauptrisikofaktor für die „early 
onset“ Erkrankung ist die Besiedlung der Vagina der Mutter; die Übertragung auf das Kind 
erfolgt als Schmierinfektion während des Geburtsvorgangs (Yamamoto, et al., 1999). In 
der Fachliteratur wird in Einzelfallberichten von wahrscheinlich bereits intrauterin 
stattfindenden Infektionen berichtet (Carbonell-Estrany, et al., 2008; Gibbs and Roberts, 
2007). In diesem Fall löst die Aszension des Erregers in das Fruchtwasser die Erkrankung 
aus. Die Ausbreitung von GBS kann dabei auch durch intakte Membranen geschehen. 
Risikofaktoren für die Entwicklung einer Neugeboreneninfektion sind, außer der 
Besiedlung der Mutter mit GBS, v. a. ein vorzeitiger Blasensprung, protrahierte 
Geburtsverläufe sowie Frühgeburten mit niedrigem Geburtsgewicht (Apgar, et al., 2005). 
Eine Chorionzottenbiopsie oder mehrfache vaginale Untersuchungen begünstigen die 
Aszension der Erregers (Doran and Nizet, 2004; Fejgin, et al., 1993). 
Eine sinnvolle Präventionsmaßnahme zum Schutz vor Neugeboreneninfektionen ist das 
präpartale Screening zwischen der 35+0 und 37+0 Schwangerschaftswoche in Form von 
Vaginal- und Rektalabstrichen. Im Falle einer Besiedelung mit GBS ist eine Eradikation 
mithilfe von Penicillin G, Ampicillin oder Cephalosporinen der 1./2. Generation während 
der Entbindung wichtig (IAP= intrapartale antibiotische Prophylaxe). Sollte eine 
Unverträglichkeit gegen Betalaktam-Antibiotika vorliegen, können Makrolide (z.B. 
Erythromycin) oder Lincosamide (z.B. Clindamycin) indiziert sein (Betriu, et al., 1994). 
In den USA sind bereits 1996 einheitliche Richtlinien zur Prävention von perinatalen GBS 
Erkrankungen vom CDC (Centers for Disease Control and Prevention) veröffentlicht. In 
Deutschland liegt ebenfalls eine entsprechende Leitlinie vor. Diese wurde von der 
Deutschen Gesellschaft für Gynäkologie und Geburtshilfe (DGGG), der Deutschen 
Gesellschaft für Pädiatrische Infektionen (DGPI) und der Deutschen Gesellschaft für 
Neonatologie und Pädiatrische Intensivmedizin (GNPI) gemeinsam entwickelt und ständig 
aktualisiert, zuletzt im März 2016. (http://www.awmf.org/uploads/tx_szleitlinien/024-
020l_S2k_Prophylaxe_Neugeborenensepsis_Streptokokken_2016-04.pdf). 
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1.4 Veterinärmedizinische Bedeutung.  
Schon seit ihrer Entdeckung ist bekannt, dass GBS bei Hausrindern eine „gelber Galt“ 
genannte Euterentzündung auslösen. Sie geht mit Schwellungen am Euter, 
Knötchenbildungen an den Zitzen und nachlassender Milchproduktion einher. Die durch 
GBS verursachte infektiöse Mastitis des Rindes ist für hohe Einkommensverluste in der 
Milchviehhaltung verantwortlich (Yamagata, et al., 1987). 
GBS können des Weiteren auch Meningoenzephalitis bei Fischen verursachen und somit 
auch durch den Verlust von Tieren in Fischfarmen zu wirtschaftlichen Schäden führen 
(Dangwetngam, et al., 2016; Sun, et al., 2016). 
 
1.5 Stand der Forschung mit Hinblick auf Typisierung von GBS 
Aufgrund der zuvor beschriebenen Bedeutung von GBS werden Wege gesucht, die 
Pathogenese und Epidemiologie dieses Erregers aufzuzeigen und zu verstehen.  
In den vergangenen Jahren wurden große Fortschritte dabei erzielt, die klassischen 
antikörperbasierten Typisierungsmethoden für GBS im Routinelabor sowie in 
Forschungseinrichtungen durch molekulare Techniken zu ergänzen. Ein im Jahr 2001 
entwickeltes Verfahren zur Typisierung von GBS erfolgt durch Amplifikation und 
Sequenzierung von Genen ihres Kapselgenkomplexes (cps) (Kong, et al., 2002). Zur 
differenzierten Typisierung eines GBS Stammes, basierend auf einem Kapselgen (cpsH), 
ist 2006 ein DNA-Microarray eingesetzt worden (Wen, et al., 2006). 
In der Literatur finden sich weitere Typisierungsmethoden, wie „restriction fragment length 
polymorphism analysis” (Blumberg, et al., 1992), “ribotyping” (Huet, et al., 1993), 
„multilocus enzyme electrophoresis“ (Quentin, et al., 1995; Selander, et al., 1986), 
„pulsed-field gel electrophoresis“ (Benson and Ferrieri, 2001), „analysis of randomly 
amplified polymorphic DNA“ (Zhang, et al., 2002), „multilocus sequence typing“ (MLST) 
(Jones, et al., 2003) und „amplified cps restriction polymorphism analysis“ (Manning, et 
al., 2005). Zahlreiche Veröffentlichungen zeigten, dass sich GBS mit Hilfe molekularer 
Techniken schnell und zuverlässig typisieren lassen. Dabei wurden neben Kapselgenen 
auch die Allele wichtiger Gene von GBS-Oberflächenproteinen, wie a-C-Protein (bca), 
e/Alp1 (e/alp1), a-C-like-Proteine 2 und 3 (alp2 und alp3) und Rib (rib), mit herangezogen 
(Kong, et al., 2002; Persson, et al., 2008).  
Bei diesen bisher erprobten Methoden wurden nur einzelne Marker bzw. Gene 
ausgewählt und bestimmt. Es existierte bis jetzt noch keine Methode, die mehrere 
Faktoren zusammen berücksichtigt, außer der für Routineanwendungen noch zu 
zeitaufwendigen und zu kostspieligen Vollgenomsequenzierung. 
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1.6 Ziele der vorliegenden Untersuchung 
Als Alternative zur Vollgenomsequenzierung wurde in Zusammenarbeit mit der Firma 
Alere Technologies GmbH Jena ein spezieller DNA-Microarray zur Genotypisierung von 
GBS auf der Basis eines bereits etablierten Microarray Systems entwickelt und erprobt. 
In dieser Studie wurde der DNA-Microarray genutzt, um klinisch relevante Faktoren wie 
Oberflächenmarker, Virulenz- und Resistenzfaktoren sowie Stoffwechselmarker zu 
bestimmen. Es war möglich, die Gruppe der Kapselgene (cps), die Allele der Gene, 
welche die alpha Proteinfamilie (alp) kodieren, die Varianten der quorum sensing 
Gengruppe (rgf), das Vorhandensein bzw. Fehlen des Beta Antigen Zellwandproteins 
(bac) und das Vorhandensein bzw. Fehlen der zwei Varianten der Gengruppen, welche 
die Pili kodieren (pili), genauer zu bestimmen. Zudem wurden wichtige Resistenzgene, 
wie z.B. erm(A), erm(B), erm(C), tet(M), emrB/qacA, untersucht. Ein Ziel der vorgelegten 
Arbeit war es ein molekulares Serotyping mit dem DNA-Microarray zu ermöglichen; dabei 
sollten alle bis jetzt bekannten Serotypen auf DNA-Ebene bestimmt werden können 
(molekulares Serotyping). 
Mithilfe von inner- und außeruniversitären Kooperationspartnern wurden GBS-Isolate 
verschiedenster Herkunft zusammengetragen und genotypisiert. Zusätzlich wurden 36 
GBS-Isolate mit repräsentativen Hybridisierungsmustern ausgewählt und mithilfe der 
MLST (“multilocus sequence typing“) typisiert (Jones, et al., 2003). Dies diente dem 
Vergleich der beiden Methoden, dem Erstellen einer Systematik, und es ermöglichte auch 
eine Gegenüberstellung mit den Ergebnissen anderer Studien. Für eine 
Verwandtschaftsanalyse von GBS Isolaten wurden eine Einteilung in Anlehnung an die für 
Staphylococcus aureus verwendete Terminologie der Klonalen Komplexe (CC) eingeführt 
(Enright, et al., 2000; Monecke, et al., 2008). 
Mit den Ergebnissen konnten sowohl eine Datenbank von verschiedenen Geno- und 
Serotypen generiert, als auch Einblicke in die Epidemiologie des Erregers gewonnen 
werden. Damit können in weiterführenden Studien verschiedene Eigenschaften und 
Verhaltensweisen genetisch determiniert und somit Zusammenhänge zwischen 
molekularen Merkmalen sowie Verhalten in vivo gesehen werden. Die Microarray-
Technologie ermöglicht im Vergleich mit herkömmlichen Methoden eine schnelle und 
weniger aufwendige Genotypisierung einer großen Anzahl von GBS Isolaten, die auch im 
Rahmen von Routineuntersuchungen genutzt werden kann. 





Zwischen 2008 und Mitte 2010 wurden 132 Isolate am Institut für Medizinische 
Mikrobiologie und Hygiene an der Medizinischen Fakultät der Technischen Universität 
Dresden „Carl Gustav Carus“ gesammelt. Es handelte sich zumeist um 
Screeningabstriche vaginalen und rektalen Ursprungs, aber auch um Proben anderer 
Herkunft, wie z. B. Abstriche von Neugeborenen (Augen, Ohren, Haut; n=8), Abstriche 
von (chronischen) Wunden Erwachsener (n=18), Blutkulturen (n=9), Urin (n=14), 
Muttermilch (n=4) und Abstriche aus dem männlichen Genitaltrakt (n=4). Zusätzlich 
wurden 97 Isolate aus invasiven Infektionen des Neugeborenen, z. B. Sepsis, Meningitis 
und Pneumonie, typisiert. Diese Isolate wurden deutschlandweit im Rahmen der ESPED-
Studie gesammelt („Erhebungseinheit für Seltene Pädiatrische Erkrankungen in 
Deutschland”, R. Berner, damals Bakteriologisches Labor, Zentrum für Kinder- und 
Jugendmedizin, Universitätsklinikum Freiburg, Mathildenstr. 1, 79106 Freiburg). Weiterhin 
wurden Isolate aus deutschlandweit gesammelten Screeningabstrichen untersucht 
(n=119, M. van der Linden, Nationales Referenzzentrum für Streptokokken, Pauwelstraße 
30, 52074 Aachen; und n=36, S. Weber, Bioscientia MVZ, Winterberg 1, 66119 
Saarbrücken). Ein Isolat stammt aus einem Ringversuch (INSTAND e. V., 
http://www.instand-ev.de). Zum Vergleich wurden 34 Isolate aus Trinidad und Tobago in 
die Studie aufgenommen (P. Akpaka, Hospital of the University of West Indies, St. 
Augustine, Trinidad & Tobago). Außerdem wurden 21 Isolate bovinen Ursprungs 
genotypisiert. Sie stammten von Fällen boviner Mastitis (K. Kadlec, Friedrich-Loeffler-
Institut, Höltystraße 10, 31535 Neustadt Mariensee). 
Für die Validierung des Microarray-Testprotokolles wurden folgende vollständig 
sequenzierte Referenzstämme verwendet:  
NEM316 (GenBank AL732656.1), A909 (CP000114.1), 2603V/R (AE009948), COH1 
(AAJR01000xxx.1), Strain 515 (AAJP01000xxx.1), H36B (AAJS01000xxx.1), 18RS21 
(AAJO01000xxx.1), CJB111 (AAJQ01000xxx.1). 
 
1.7.2 Untersuchungsmethode 
Alle 448 Isolate wurden auf Columbia Agar angezüchtet und kloniert. Anschließend 
wurden mehrere Kolonien ausgewählt, um die DNA zu präparieren. Zur 
Qualitätssicherung erfolgte die Einstellung auf eine bestimmte DNA-Konzentration. Im 
Anschluss wurde die DNA-Probe einer Primerelongationsreaktion unterzogen. 
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Das Ziel der Primerelongationsreaktion war neben der Vervielfältigung auch das Biotin-
Labelling der DNA. Nach dem Auftragen des PCR Produktes auf den Microarray konnte 
eine Hybridisierung unter standardisierten Bedingungen erfolgen. Dann wurde 
Streptavidin-Meerrettichperoxidase zugegeben, die sich an die Biotin-Labels bindet und 
die eine Präzipitation eines im nächsten Schritt zugegebenen Farbstoffs auf dem 
Microarray auslöst. Mit dem ArrayMate (Clondiag/Alere Technologies, Jena) wurde ein 
Bild des DNA Microarray aufgenommen. Anhand dieses Fotos ist eine digitale 
Auswertung über das Vorhandensein bzw. Fehlen eines Genes möglich. 
Um das Testprotokoll zu optimieren und – mit Hinblick auf Wasch- und 
Hybridisierungstemperaturen – zu validieren, wurden die oben genannten vollständig 
sequenzierten Referenzstämme untersucht. Die unter verschiedenen Bedingungen 
erzeugten Befunde wurden mit den bekannten Genomsequenzen verglichen und die 
Testbedingungen solange variiert, bis die realen Ergebnisse mit denen aus der Sequenz 
abgeleiteten Vorrausagen übereinstimmten, sodass bei dem endgültigen, in der Studie 
angewendeten, Protokoll korrekte Befunde erwartet werden können. 
GBS Isolate mit typischen Hybridisierungsmustern wurden ausgewählt und nachfolgend 
mittels MLST typisiert (siehe http://pubmlst.org/sagalactiae/). 
Die gewonnenen Profile wurden in das eBURST-Programm eingegeben (siehe 
http://eburst.mlst.net/v3/enter_data/single/). 
 
1.8 Zur Typisierung ausgewählte Marker 
Zur Genotypisierung von GBS wurden 11 Gene oder Genkomplexe bestimmt, die 
entweder in ihrer An- bzw. Abwesenheit oder im Vorliegen klar zu definierender Allele 
variierten. 
1) Das bac Gen kodiert das Oberflächenprotein Bac (C-Protein, Beta Antigen), welches 
an den Fc Teil von IgA bindet. Es verhält sich als Virulenzfaktor (Heden, et al., 1991). Bis 
jetzt konnten 39 verschiedene Sequenztypen bestimmt werden, denn bac besitzt eine 
extrem variable „repeat“-Region. Hier wurde nur die An- oder Abwesenheit des Gens 
berücksichtigt.  
2) Die Proteine „Alpha“, „Alpha-like“, „Bca“ und „Rib“ sind ebenfalls Bestandteil der 
Bakterienoberfläche und beinhalten große innere „tandem repeats“. Die entsprechenden 
Gene wurden als verschiedene Allele eines Gens, des alp Gens, betrachtet (Creti, et al., 
2004). Diese Klassifizierung erfolgte, da sie einander ähnlich sind, die gleiche Lokalisation 
im Genom einnehmen und sich gegenseitig ausschließen. In der Studie wurden die Allele 
alp-2, alp-3, alp-4 (identisch mit alp-6), und alp-5 (identisch mit alp-7, alp-epsilon),
  1. Einleitung 
1.8 Zur Typisierung ausgewählte Marker 
13 
alp-bca (identisch mit alpha C oder C-alpha), alp-rib (R4) (identisch mit R4, rib), und alp-
rib2 definiert. 
3) GBS Pili setzen sich aus PilB, einem LP(x)TG-motif-containing Protein und den 
akzessorischen Pilus-Proteinen PilA und PilC zusammen (Dramsi, et al., 2006; Rosini, et 
al., 2006). Kodiert werden sie von zwei Genloci pilA/B/C-1 und pilA/B/C-2. Beide wurden 
als eigenständige Typisierungsmarker genutzt. Der erste Genlocus ist pilA/B/C-1; er liegt 
ungefähr an der Position 650.000 im Genom von GBS, sechs Sonden dienten der 
Bestimmung. Es wurde das Vorhandensein oder Fehlen von pilA/B/C-1 nachgewiesen. 
Der zweite Genlocus wird unter Punkt 9 beschrieben. 
4) pepS8 kodiert die Peptidase S8, diese gehört zur Subtilisin Familie, einer weiteren 
Gruppe der Serinproteasen. Hier wurde ebenfalls nur die An- oder Abwesenheit des Gens 
detektiert. 
5) Um die Position 877.000 im Genom von GBS ist das Gen fbsB lokalisiert. Dieses 
verschlüsselt ein Fibrinogen-bindendes Protein (Gutekunst, et al., 2004; Schubert, et al., 
2004). Für das fbsB Gen wurden fünf verschiedene Varianten unterschieden. 
6) GBS besitzen eine Polysaccharidkapsel, die in serologisch unterscheidbaren Typen 
vorkommt. Sie besteht aus verschiedenen Komponenten, dazu zählen Rhamnose, 
Glucositol Phosphat, N-Acetylglucosamin und Galactose. Die Kapselpolysaccharide 
enthalten Reste der Sialinsäure (N-Acetylneuraminsäure). Insgesamt kann die Kapsel von 
GBS als wichtiger Virulenzfaktor gesehen werden, da Sialinsäure dazu beiträgt, den 
alternativen Weg der Complementaktivierung zu hemmen (Weiman, et al., 2009). Eine 
große Gruppe von sechzehn Genen kodieren Faktoren, welche in deren Synthese 
involviert sind, und damit den resultierenden Kapseltyp bestimmen. 
Gegenwärtig sind 10 verschiedene Serotypen bekannt. Sie werden mit Ia, Ib und II-VIII 
bezeichnet, 2008 wurde zuletzt der Serotyp IX entdeckt. In ihrer Verteilung gibt es 
regionale Unterschiede (Dogan, et al., 2005; Kong, et al., 2008; Wen, et al., 2006). 
Insgesamt sind weltweit 91,5 % der rektovaginal bei Schwangeren nachgewiesenen GBS 
den Serotypen Ia, Ib, II, III, oder V zuzuordnen (Kwatra, et al., 2016). In der Literatur gibt 
es Hinweise darauf, dass insbesondere die GBS-Serotypen Ia, III und V häufig mit 
invasiven neonatalen Infektionen assoziiert sind (Weisner, et al., 2004). In einer Studie 
zur Verteilung der Serotypen bei deutschen Erwachsenen zeigte sich folgende Verteilung: 
Serotyp III 28 %, Serotyp II 21 %, Serotyp Ia 17 %, Serotyp V 16 %, Serotyp Ib 15 % und 
Serotyp IV 3 % (Brimil, et al., 2006). Bei invasiven Säuglingsinfektionen hingegen ist der 
Serotyp III mit 65 % der Isolate deutlich stärker vertreten, gefolgt von Serotyp Ia 15 % , 
Serotyp V 8 %, weniger stark vertreten waren die Serotypen Ib und II mit jeweils 5 % und 
dem Serotyp IV mit 1 % (Fluegge, et al., 2005). 
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Mit einem Set von 62 spezifischen und 7 polyvalenten Sonden konnten hier die 
Kapseltypen Ia, Ib und II bis IX unterschieden werden. 
7) Ein weiterer Typisierungsfaktor ist das hylB Gen, von welchem hier zwei Allele 
unterschieden wurden: hylB(NEM316) und hylB(A909). Dieses verschlüsselt eine von 
GBS sezernierte Hyaloronlyase.  
8) Eine Gruppe aus den Genen abiG-I, abiG-II („abortive infection proteins“ I und II) und 
Q8DZ34 (CHAP domain containing protein/N-acetylmuramoyl-L-alanine amidase) wurde 
als abiG/Q8DZ34 zusammengefasst. Zwei verschiedenen Varianten; 
abiG/Q8DZ34(NEM316) und abiG/Q8DZ34(H36B), konnten differnziert werden. 
9) Der zweite Pilus Locus pilA/B/C-2 kann in zwei Allelen auftreten (pil2a und pil2b), deren 
Positionen im GBS Genom (etwa 1.419.000 bis 1.422.000) identisch sind.  
Benachbart zu pil2, etwa in Position 1.466.000, liegt gtfA/B, welches eine 
Glycosyltransferase verschlüsselt, sowie rogB1 etwa um Position 1.475.000. Dieses 
kodiert den Transkriptionsregulator RogB. Es gibt zwei Allele von gtfA/B, welche mit pil2a 
oder pil2b korrelieren. Das Vorhandensein von rogB1 ist assoziiert mit pil2a. 
Als Typisierungsmarker wurde hier nur pil2a/pil2b genutzt, wobei sieben Varianten von 
pil2a und drei Varianten von pil2b unterschieden werden konnten. 
10) Die nss/srr/rogB2 Gruppe kodiert weitere wichtige Virulenzfaktoren. Das nss Gen 
steht für eine Nucleotid-Zucker-Synthetase. Das srr Gen kodiert ein in der Zellwand von 
GBS verankertes „serine-rich repeat 1 glycoprotein“. Dieses ermöglicht GBS 
wahrscheinlich die Adhäsion und Penetration der Blut-Hirn Schranke (Doran, et al., 2005; 
Sheen, et al., 2011; van Sorge, et al., 2009). Mit rogB2 soll hier die zweite Kopie des rogB 
Genes bezeichnet werden. Es verschlüsselt, wie unter Punkt 9 beschrieben, den 
Transkriptionsgegulator RogB. Es wurden drei verschiedene Allele sowie für diesen 
Gencluster negative Stämme unterschieden. 
11) Das GBS Genom umfasst mehrere Loci für die Transkriptionsregulierung, 
eingeschlossen den rfg quorum-sensing Locus. Dieser reguliert die Expression der C5a 
Peptidase (SCPA) (Spellerberg, et al., 2002), die wichtige Signalmoleküle der Aktivierung 
des Komplementsystems spaltet. Drei verschiedene Varianten konnten identifiziert 
werden (rgf A/B/C). 
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S. agalactiae frequently colonizes the urogenital tract and it is a major cause of bacterial 
septicemia, meningitis and pneumonia of the newborn. For typing purposes, a microarray 
targeting GBS virulence-associated markers as well as resistance genes was designed 
and validated with reference strains and clinical as well as veterinary isolates. Selected 
isolates were also subjected to multilocus sequence typing.  
 
It was observed that putative typing markers such as alleles of the alpha like protein or 
capsule types vary independently from each other; and they also vary independently from 
the affiliation to MLST defined sequence types. Thus it is not possible to assign isolates to 
sequence types based on the identification of a single distinct marker such as a capsule 
type or alp allele. This suggests frequent genomic recombination. For array-based typing, 
a set of eleven markers (bac, alp, pil1 locus, pepS8, fbsB, capsule locus, hylB, abiG-I/-
II+Q8DZ34, pil2 locus, nss+srr+rogB2, rgfC/A/D/B) was defined that provide a framework 
to split the tested 448 S. agalactiae isolates into 76 strains that clustered mainly in 
accordance to MLST defined clonal complexes. There was evidence for regional and host 
specific differences in the population structure of S. agalactiae as well as an over 
representation of strains related to sequence type 17 among invasive isolates. 
 
The arrays and the typing scheme described herein proved to be a convenient tool for 
genotyping large numbers of clinical/veterinary isolates and thus could help to obtain an 











Streptococcus agalactiae, also commonly referred to as Group B Streptococci (GBS) 
belongs to the gastrointestinal and genitourinary flora in humans and can cause e.g., 
urinary tract infections. More importantly, it can be found in the vagina; and up to 20 to 
40% of pregnant women are colonized (25, 26, 30, 32). S. agalactiae is a major cause of 
septicemia, meningitis and pneumonia of the newborn (41). Mother-to-child transmission 
may lead to neonatal infection in 1 to 2 infants per 1,000 live births with mortality rates 
ranging from 10 to 15% for early-onset disease and 2-6% for late-onset disease (2, 16, 
36). For prevention, it is strongly recommended to screen vaginal and rectal swabs 
between weeks 35 and 37 after gestation and to eradicate GBS if present. Recommended 
antibiotics for decolonization and therapy include penicillin G, ampicillin or first/second 
generation cephalosporins. Resistance to the beta-lactams has hardly been observed so 
far (5). Other options, e.g., in case of allergy, are erythromycin or clindamycin although 
there is a considerable risk of resistance (1, 4, 13, 43, 49). Tetracyclines can be given to 
non-pregnant adults only, and in some conditions other compounds like vancomycin or 
linezolid may be considered.  
 
S. agalactiae is also an important pathogen in animals, especially in cattle causing bovine 
mastitis. It may also cause meningoencephalitis and septicemia in fish (35). 
 
Several typing techniques have been so far. These include serotyping (22, 24, 34, 52, 53), 
restriction fragment length polymorphism analysis (6), ribotyping (20), pulsed-field gel 
electrophoresis (3), multilocus enzyme electrophoresis (37, 44), analysis of randomly 
amplified polymorphic DNA (55), amplified cps restriction polymorphism analysis (29) and 
multilocus sequence typing (MLST; (21)).  
 
For the present work, a microarray for the typing of GBS was designed and validated with 
reference strains and clinical isolates.  
 
 2. DNA Microarray-Based Typing of Streptococcus agalactiae Isolates 
2.3 Materials and methods 
 
18 
2.3 Materials and methods 
2.3.1 Bacterial isolates 
Eight fully sequenced strains, i.e., NEM316 (GenBank AL732656.1), A909 (CP000114.1), 
2603V/R (AE009948), COH1 (AAJR01000xxx.1), Strain 515 (AAJP01000xxx.1), H36B 
(AAJS01000xxx.1), 18RS21 (AAJO01000xxx.1), CJB111 (AAJQ01000xxx.1) were tested 
and used for quality control purposes and protocol optimization.  
 
132 isolates from the Dresden University Hospital were collected between 2008 and mid-
2010. This mainly included routine vaginal and rectal swabs but also other clinical 
samples, like swabs from newborns’ ears, eyes and throat (n=8) as well as swabs from 
(chronic) wounds (n=18), blood cultures (n=9) urine (n=14), breast milk samples (n=4) and 
swabs from the male genital tract (n=4). 
 
Additionally, 97 isolates (courtesy of Professor Berner, Freiburg/Dresden) from invasive 
infections of the newborn, i.e., septicemia, meningitis and pneumonia were genotyped that 
were collected across Germany as part of the ESPED (i.e., Surveillance Unit for Rare 
Pediatric Diseases in Germany) study. Furthermore, surveillance isolates from different 
parts of Germany (courtesy of M. van der Linden, National Reference Centre for 
Streptococci, Aachen; n=119; and S. Weber, at that time Bioscientia MVZ, Saarbrücken; 
n=36) and from the hospital of the University of West Indies, St. Augustine, Trinidad & 
Tobago (courtesy of P. Akpaka; n=34), were processed. One isolate originated from a 
laboratory proficiency test (supplied by INSTAND e.V.; http://www.instandev.de/en.html). 
Finally, twenty-one isolates from bovine mastitis cases were included (courtesy of K. 
Kadlec, Friedrich-Loeffler-Institute, Neustadt-Mariensee). 
 
2.3.2 Ethics statement 
Isolates were obtained during routine diagnostics and were analyzed anonymously. No 
patient data beyond classification as infant or adult and sample type were stored. Ethical 
approval and informed consent were thus not required. 
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2.3.3 Preparation of genomic DNA 
Isolates were incubated for 12-24 hours at 37°C on Columbia blood agar. One inoculation 
loop of colony material was harvested and given into 100 µL of lysis buffer comprising 10 
µl achromopeptidase (SIGMA-ALDRICH A3547-100KU; 100 units dissolved in 5 ml PBS 
and stored frozen in small aliquots), 2 mg lysozyme (SIGMA-ALDRICH), 2 mg 
ribonuclease A (SIGMA-ALDRICH), 2 µL 20 mM Tris⁄HCl (pH 8.0), 2 µL 2 mM EDTA and 
1 µL Triton X-100. After incubation (37°C at 550 rpm on a thermomixer), 10 µl proteinase 
K and 100µl AL buffer (Qiagen, Hilden, Germany) were added and another incubation 
step (55°C without mixing) followed. After adding 100µL ethanol, DNA was purified using 
Qiagen spin columns. Finally, DNA was re-diluted in 50 µL PCR-grade distilled water and 
heated (10 min at 70°C) to evaporate any traces of ethanol from washing buffers. 
 
2.3.4 MLST 
Representative isolates were characterized by MLST using protocols and software 
provided at http://pubmlst.org/sagalactiae/. 
 
2.3.5 Microarray design and protocol optimization 
The microarray covered typing markers such as capsule- and pilus-associated genes and 
alp genes. Additionally, macrolide/lincosamide, tetracycline and heavy metal resistance 
genes, genes associated with phages and gene motility and various genes encoding for 
virulence factors, digestive enzymes and certain metabolic functions were included with 
variability in presence or sequence being the main inclusion criterion (Tables 1 to 4 and 
Supplemental file S1).  
 
For each target, all relevant entries were retrieved from GenBank. One entry was selected 
as reference, and its coding sequence was excised. All BLAST hits for that sequence 
were downloaded into a local database excising and aligning all coding sequences related 
to each target gene. These alignments were inspected visually. Based on sequence 
similarities, sequences were classified into paralogues and allelic variants. Consensus 
regions in the alignments of all available sequences of each target were chosen for the 
probe design. Probe sequences were selected for specificity and, in order to yield similar 
signal intensities, for having similar GC content, length, and melting temperatures. 
Resulting probe sequences were again blasted against all available sequences to 
theoretically exclude false-positive reactions due to cross-reactivity or false-negative 
reactions due to sequence variations. 
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213 probes were spotted on arrays that were mounted into ArrayStripes (Alere 
Technologies, Jena, Germany; http://alere-technologies.com/en/products/lab-
solutions/platform-components/arraystrip-as.html). Probe lengths ranged from 25 to 36 
bases with a median of 30 bases. Probes were designed to have approximately identical 
binding temperatures. There were 208 primers with lengths ranging from 18 to 28 bases; 
their median length was 23 bases. Primers were designed to have similar annealing 
temperatures in order to be used in a multiplex reaction. 
 
Probes and primers (Supplemental file S1) were synthesized and purified by Metabion 
(Martinsried, Germany). The DNA-microarrays were based on the ArrayStrip platform 
(Alere Technologies), with arrays being mounted in standard 8-well strips. Buffers and 
reagents were taken from the HybPlus Kit (Alere Technologies) unless stated otherwise.  
 
For validation and protocol optimization, completely sequenced strains (COH1, A909, 515, 
H36B, 18RS21, CJB 111, 2603VR, CIP 8245; for GenBank numbers see above) were 
used. First, hybridization experiments under high, medium and low stringency conditions 
were simulated by mapping probe sequences against known genome sequences. Then, 
real experiments were performed and compared to the simulations. The hybridization 
temperature was kept at 55°C but washing temperatures were varied between 25°C and 
55°C until experiments yielded results matching the high stringency prediction (Table 2, 
Supplemental file S2). 
 
2.3.6 Microarray procedures 
A linear and thermally synchronized primer elongation reaction was used. For one 
labelling reaction, 1.5µl of a primer mixture containing one primer per target sequence 
(0.135 µmol/L each), oligonucleotide mix and biotin-16-dUTP as well as 1 to 2 µg of 
unfragmented, RNA-free, target DNA were utilized. Amplification was performed using a 
standard thermocycler with initial denaturation at 96°C for 5min followed by 55 cycles (60 
sec at 96°C, 20 sec at 50°C, 40 sec at 72°C) and final storage at 4°C. 
 
First, arrays were pre-washed with 200 µl of double-distilled water and with 200 µl 
Hybridization Buffer 1 (both steps, 5 min at 55°C and 550 rpm on the thermomixer). 
Labelled DNA samples were diluted with 90 µl Hybridization Buffer 1 and then transferred 
into the ArrayStrip well. After that, the samples were incubated at 55°C and 550 rpm for 
60 min and then removed completely. The arrays were washed twice with 200 µl Washing 
Buffer C2 (for 2 min and for 5 min, at 35°C and 550 rpm). Then the microarrays were 
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incubated with 100 µl Horseradish peroxidase streptavidin (15 min at 30°C, 550 rpm). 
After removal of this solution, the arrays were washed twice with 200 µl Washing Buffer 
C5 at 30°C and 550 rpm, for 2 min and 5 min, respectively. Finally, 100 µL of precipitating 
substrate were added. After 5 min incubation at room temperature (without shaking), the 
substrate was removed and the arrays were scanned and analyzed using the ArrayMate 
reader (Alere Technologies). Signal intensities were calculated as previously described 
(31). For breakpoint determination, the median of the intensities of those probes of 
species markers (fbsB-all, femH-loc2, gtfB-var1, gtfB-var2, nss1, nss2) that yielded a raw 
value above 0.2 and the biotin control were calculated. Each probe that yielded a signal of 
more than 2/3 of this median was considered positive; and signals between 1/3 and 2/3 of 
this median were regarded ambiguous. If the median was below 0.5 the entire experiment 
was regarded invalid. If mutually exclusive alleles of species markers (gtfB-var1 and gtfB-




Analysis of clonal complexes was performed using software provided on 
http://eburst.mlst.net/v3/enter_data/single/. MLST profiles were downloaded from 
http://pubmlst.org/perl/bigsdb/bigsdb.pl?db=pubmlst_sagalactiae_seqdef&page=download
Profiles&scheme_id=1 (at June 23rd, 2014, Supplemental file S3). For an eBURST 
analysis of array hybridization profiles, eleven markers (see below, and Table 2) were 










Full list datasets for the tested strains and isolates can be found in Supplemental File S2, 
while abridged results are provided in the Tables 2 to 4. 
 
2.4.1 Typing GBS by MLST 
Thirty-six isolates that were representative for common array hybridization patterns were 
subjected to MLST; and MLST types for the sequenced reference strains were deduced 
from published genome sequences (Table 2). For further analysis, clonal complexes (CC) 
were introduced in analogy to Staphylococcus aureus terminology using the eBURST 
algorithm (http://eburst.mlst.net/). CC19 was the most common and most diverse CC. It 
was quite inhomogeneous with regard to both, MLST and array-based (see below) typing 
approaches. CC19 included sequence types (ST) 1, ST2, ST5, ST6, ST7, ST8, ST10, 
ST12, ST14, ST17, ST19, ST22, ST44/178, ST110, ST193, ST291, ST297, ST425, 
ST569 and a single locus variant (slv) of ST579. eBURST shows that CC19 comprises 
several distinct clusters that were recognized as independent clonal complexes (CC01, 
CC17, CC19, CC22) before linking STs were identified. These clusters are marked 
hitherto as CC19/01, CC19/17, etc. (Table 2). Additional CC19/02 and CC19/05 were 
indicated because their MLST profiles link CC19/01, or CC19/10, respectively to CC19/19. 
CC23 was the second most common CC, with ST23, ST24 and ST144. To CC26 and 
CC130, only one ST each (ST26 and ST130) were assigned. For CC103, two ST314 
isolates were identified by MLST. 
 
2.4.2 Genotyping GBS by microarray hybridization 
Putative typing markers (e.g., alp alleles, capsule types) vary independently from each 
other and independently from STs/CCs affiliation (Table 2). Thus it is not possible to 
assign an isolate to STs/CCs based on one single marker.  
 
For array-based typing, eleven markers (bac, alp, pil1-locus, pepS8, fbsB, capsule locus, 
hylB, abiG-I/-II+Q8DZ34, pil2-locus, nss+srr+rogB2, rgfC/A/D/B; Table 2) were selected 
that provide a framework to split GBS into strains. These markers were selected based on 
variability affecting either sequences, allowing assignment to clear-cut alleles, or 
presence/absence. In general, the typing markers are distributed rather evenly across the 
genome. For each marker locus, the presence or absence or a small number of different 
alleles were interrogated. This allowed, in analogy to MLST, conversion of hybridization 
 results for these markers into eleven-digit codes (Table 2).  




Ubiquitous genes, such as cylD/cylE (-hemolysin locus), were not suitable as typing 
markers. Highly mobile, plasmid- (such as resistance genes) or phage-borne genes were 
also not considered, although they can be detected by the array. Their use for further 
discerning variants within strains still needs to be evaluated. 
 
Details on the eleven markers will be discussed below in the order of their localizations in 
the S. agalactiae genome that are conserved among yet known genomes (45). Gene 
positions in the following paragraphs are provided as medians of starting positions from 
fully and conventionally sequenced genomes NEM316, A909 and 2603V/R.  
 
The bac gene encodes a surface protein binding the Fc part of IgA (19). Because of an 
extremely variable repeat region (23), only its presence or absence, rather than specific 
alleles, were interrogated. Its presence apparently correlated with the alleles 4, 9 and 10 
of the MLST gene adhP, or roughly with affiliation to CC19/10 and CC130. 
 
Genes encoding Alpha, “alpha-like” (10), Bca and Rib proteins are all regarded as alleles 
of the alp gene (for GenBank entries, see Table 1). Alleles alp-2, alp-3, alp-4 (= alp-6) and 
alp-5 (= alp-7, alp-epsilon), alp-bca (= alpha C or C alpha), alp-rib(R4) (= R4, rib) and alp-
rib2 were covered. Alleles alp-rib(R4) and alp-bca were the most common alp alleles in 
human isolates; in the cattle group, alp-5 was most prevalent. Three isolates, including 
both CC26 isolates, were alp-negative (or carried an alternative, undetectable allele). 
There was no correlation between alp and alleles of neighboring MLST markers tkt, glck 
and atr. 
 
S. agalactiae pili (27) comprise of PilB and accessory pilus proteins PilA and PilC (14, 39). 
There are two loci. The first one (pilA/B/C-1) is situated around position 650,000 in the 
genome. In a vast majority of isolates, either the three pil1 genes together or no pil1 
genes at all were detected. Four isolates yielded only signals for pilA/C-1. For the second 
pili locus, there are two mutually exclusive genomic islands (pil2a and pil2b) at identical 
positions in the genome. Eighteen probes recognized seven pil2a alleles, while another 
eight probes yielded three pil2b patterns, one of which only matches an incompletely 
known sequence (AM051289.1). In human isolates, pil2a genes were generally more 
common (Table 2). In cattle isolates, pil2b was as common as pil2a. Three isolates 
yielded unassignable patterns. There were no pil2-negatives. Adjacent loci to pil2 are 
gtfA/B (glycosyltransferase, around position 1,466,000) and rogB1 (transcriptional 
regulator RogB, locus 1, position 1,475,000). Two alleles of gtfA/B are discerned 




correlating with pil2a or pil2b, respectively. The presence of rogB1, is associated with 
pil2a. Thus, gtfA/B and rogB1 yield no additional typing information.  
 
Another variable genomic island is detected by probes for pepS8 (peptidase S8). All 
CC19/22, CC23 and CC26 isolates as well as a part of CC19/02 were negative.  
 
The gene fbsB encodes a fibrinogen binding protein (17, 42). Five hybridization patterns 
were generated by eight probes; fbsB negative isolates were not observed.  
 
A cluster of sixteen genes encodes the capsule of which there are ten types (Ia, Ib, II, III, 
IV, V, VI, VII, VIII and IX). The different abundances of German and Caribbean, cattle and 
human isolates are shown in Table 3. Capsule type III was overrepresented among 
invasive isolates. Types VI, VII and IX were very rare, type VIII was not found (although 
the array can identify it; a type VIII reference isolate was kindly provided by K. Zürn and F. 
Lander, Dresden University Medical Centre). One Caribbean isolate yielded signals with a 
part of the capsule IV probes (cpsJ-IV, cpsM-IV, cpsM-IV) only.  
 
Another typing factor was hylB (hyaluronate lyase) with two distinct alleles.  
 
Two variants of a gene cluster comprising abiG-I, abiG-II (abortive infection proteins I and 
II), Q8DZ34 (CHAP domain containing protein/N-acetylmuramoyl-L-alanine amidase) 
were discerned. A NEM316-like variant was more common than a H36B-like; two isolates 
were unassignable. Most isolates were negative and there were no major differences 
between the different populations tested.  
 
Another variable gene cluster comprises nss, srr and rogB2, encoding a putative 
nucleotide sugar synthetase, a serine-rich repeat 1 glycoprotein mediating penetration of 
the blood-brain barrier (51) and a second locus of the transcriptional regulator. Three 
variants of this genomic island were discerned.  
 
The GBS genome comprises several regulatory loci including the rgf quorum-sensing 
locus. Three different variants were identified with rgfB being conserved, rgfA and rgfC 
having two or three alleles, respectively, and rgfD being absent from several lineages and 
from the genome sequence of strain 515 (AAJP01000002.1).  
 
  




Analyzing the hybridization results for these eleven markers, 76 distinct strain profiles 
could be distinguished (marked hitherto “HP” for “hybridization profile”, followed by 
sequential numbers). When applying eBURST on these markers, some of the HPs 
clustered. Generally, HPs showed some correlation with MLST defined CCs/STs (Table 2 
and Figure 1). Isolates that showed identical or related HPs belonged to the same CC, but 
isolates that are related by MLST could show dissimilar hybridization patterns.  
 
The highest diversity (46 HPs) was observed in CC19. Many isolates displaying similar 
HPs belonged to the same cluster within CC19 (Figure 1) having the same STs or single 
locus variants thereof.  
 
Nine HPs could not be assigned to CCs/STs yielding patterns dissimilar to any isolates 
with known STs. 
 
2.4.3 Population structure 
CC19 was the largest CC accounting for 75% of human isolates from Germany, 50% of 
human isolates from Trinidad and Tobago as well as for 32% of bovine isolates from 
Germany. For CC23, the corresponding figures were 22%, 50%, and 6% respectively. HP-
08 and -09 (CC19/01-ST425), HP-49 and -50 (CC23-ST24 and -144) appeared to 
predominate in Trinidad & Tobago. Cattle isolates belonged to diverse lineages, but 
CC103 was more common than in the other groups with 23% of bovine isolates being 
associated with this CC. With regard to clinical background (Figure 1), the highest 
proportion of invasive isolates was observed for CC19/17, followed by CC19/01, CC19/10 
and CC23. 
 
2.4.4 Detection of antibiotic resistance markers 
Table 4 shows data for the antibiotic resistance genes. Isolates were screened erm(A), 
erm(B) and erm(C) that code for methylases conferring macrolide/clindamycin resistance 
by methylation of the binding site at the ribosome. No erm genes were detected in 
Caribbean isolates. In Germany, the most common erm gene was erm(B). Erm(A) and 
erm(C) were less common, and they were not found among cattle isolates. The 
tetracycline resistance marker tet(M) was common among human, but less common 
among veterinary isolates.  
 
All isolates harbored emrB/qacA (multidrug resistance transporter). 




2.4.5 Detection of heavy metal resistance markers 
Table 4 shows data for the heavy metal resistance markers. Two genes associated with 
cadmium resistance (cadC; cadmium efflux system accessory protein and cadD; cadmium 
resistance protein D) were interrogated. These genes are not associated with each other, 
and cadD was much more common. Mercury-resistance genes merA (mercuric reductase) 
and merR (mercuric resistance operon regulatory protein) were always found together. 
Nearly half of the human isolates from Germany and 88% of the Trinidad & Tobago 
isolates, but only a single veterinary one were found positive. While merA/R were 
common in CC19 and CC23, they were rare in other CCs. 





S. agalactiae is a common cause of illness in infants that is transferred vertically. Besides 
establishing such a transmission in individual cases, molecular typing of this organism 
should also address whether there were hyper-virulent clones. It would be relevant to 
know the geographic distribution of such clones identifying regions where a risk for infants 
might be above average. Moreover, it would be interesting to know on a possible zoonotic 
risk or if, conversely, livestock could be infected with GBS from humans. 
 
With regard to population structure, we observed that CC19 predominated among human 
isolates from Germany, whereas in Trinidad & Tobago CC19 and CC23 were equally 
common. In cattle, CC19 was also common, but another prevalent lineage is CC103 (54) 
that is rare among human isolates. These observations might indicate both, geographic 
and host specific differences in population structure. With regard to host specificity, one 
virulence factor, scpB (complement-inactivating C5a peptidase) might be involved 
(Supplemental file S2). It was present in 412 of 418 human isolates (98.6%), but in only 
ten of 21 cattle isolates (48%). All isolates belonging to the bovine-associated CC103 
(including two human isolates) lacked scpB. It was also absent in some bovine isolates 
belonging to “human” lineages (one of two HP-07, CC19/01-ST297 isolates, one HP-56, 
CC23 isolate).  
 
When studying the population structure, a major disadvantage of MLST/eBURST became 
visible. Some previously described CCs (CC1, CC17 and CC22) are not recognized as 
CCs anymore, but lumped together into CC19. Similar observations were made for S. 
aureus where nowadays, e.g., distinct CC5 and CC8 are merged together by eBURST 
(11). Strains linking two distinct CCs can theoretically be common ancestors of both, but 
they also could be recent hybrids or recombinants. MLST/eBURST is not able to visualize 
the difference so that distinct CCs are merged together when linking strains are found. In 
S. aureus, for instance, the hybrid strain ST239 links CC8 to the unrelated CC30 (38). 
Both lineages became linked to a third unrelated CC (CC45) with the identification of a 
recombinant strain (ST2249) that emerged from ST239 and CC45 parents (33). Thus with 
a broadening database, the current concept of CCs will obscure phylogenetic patterns and 
eventually an entire species might be regarded as a single CC; especially if it is a species 
in which horizontal gene transfer is as common as in S. agalactiae (8). Hence, clusters 
within CC19 (such as CC19/01, CC19/17) were distinguished (Table 2) to visualize  
relationships within the large CC19.  




With DNA-microarrays it is possible to genotype high numbers of isolates, with the method 
being less cumbersome than MLST providing additional information on specific virulence 
or resistance determinants.  
 
Similarly to what was shown previously for S. aureus, hybridization patterns appear to 
correspond to STs and CCs (31). Compared to S. aureus, this correlation in GBS is poor. 
It is possible to predict a ST/CC affiliation from a hybridization pattern if it was identical or 
similar to a previously MLS-typed strain. However, isolates belonging to the same CC/ST 
could yield different hybridization patterns and it not possible to predict a hybridization 
pattern from a known ST. We frequently observed (Table 2) that otherwise similar strains 
differed in single features such as capsule genes, alp or pili genes, and that these genes 
vary independently from each other. Some ubiquitous genes or gene clusters that 
apparently always reside at the same position in the genome (45) show a number of 
distinct alleles; and the identity of an actual allele at a given position is of random nature. 
This could be explained by a high number of past recombination events (8, 45) or, 
theoretically, also by convergent evolution. 
 
In both cases, typing by array and by MLST would not reflect a “true” phylogeny in terms 
of providing information on evolutionary history and provenance of a given strain, but just 
create a random pattern to be compared with other random patterns. Identity of two 
isolates could then indicate, e.g., a transmission event but mere similarity of two isolates 
would not necessarily mean they were related, i.e., having a recent common ancestor. 
The resolution of a typing method could be increased with the number of interrogated 
markers. The markers described herein could be combined with the MLST scheme 
creating an eighteen markers framework. This approach could be used experimentally or, 
in the near future, purely in silico by extracting handy information out of the abundance of 
data generated by next generation sequencing. Besides, erm, cad, mer or tet genes could 
also be used to prove identity or non-identity of isolates provided that data on the 
frequency of acquisition or loss became available. 
 
In order to understand the possible differences in virulence within S. agalactiae, future 
study should not only focus on ST/CC affiliations but also on the alleles of relevant genes 
or gene clusters because these might vary within a ST/CC. No single factor was identified 
that distinguishes between invasive and carriage isolates. However, it was observed that 
the former are less likely to carry abiGI/II and Q8DZ34 but more likely to show a presence 
of the pil1 locus, fbsB (515) and capsule type III (12, 43) as well as COH1-like alleles of 




pil2b, nss/srr and rgf (Table 3). This does not necessarily mean that these factors are 
involved in invasiveness. They also just might be surrogate markers being linked to 
invasive strains. Several of these markers together appear in CC19/17 isolates. 
Previously, CC19 (including ST01, ST17, ST19 and ST28) were found in neonatal sepsis 
cases from very diverse geographic origins (9, 40, 45, 50) and the CC19/17 cluster has 
also frequently been observed among invasive isolates (47, 48).  
 
Other virulence factors include speM (exotoxin M) and the cyl-operon (Supplemental file 
S2). The speM gene was found in only seven isolates. The cyl-operon was always found 
and thus its detection cannot be helpful to predict virulence. However, in vivo expression 
might be a very different issue; and possibly the key to understanding the difference 
between invasive and carriage isolates is not the mere presence or absence of specific 
genes or alleles, but their expression. 
 
Generally, it is not possible to safely distinguish invasive from carriage isolates and to 
predict an individual fate based on available typing data. Even if some strains are 
associated with an increased risk, other strains cannot be considered harmless. For 
practical purposes, this warrants screening for and eradication of any S. agalactiae 
colonization prior to delivery regardless of genotyping data. Vaccination might become an 
additional tool for preventing infection, and a vaccine covering capsule types Ia, Ib and III 
is currently tested (28). Capsule types are geographically unevenly distributed, as the 
comparison between the German and Caribbean isolates indicates as well as previous, 
other work (7, 15, 48). Thus, the efficacy of a capsule-based vaccination might vary in 
different countries and also might change over time (18) emphasizing a need for typing 
GBS. 
 
Future studies should target, for the sake of statistical significance, more isolates from 
defined clinical conditions and from healthy controls, and could aim at comparing S. 
agalactiae populations from different regions and host species. The arrays described 
herein provide a convenient tool for typing large numbers of clinical/veterinary isolates and 
thus could help to obtain insight in GBS epidemiology. 
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Table 1:  Key markers for array-based strain classification, their average positions in the  
 S. agalactiae genome and known alleles. 
Table 2:  Array-based typing. 
Table 3:  Prevalences of marker alleles. 
Table 4:  Prevalence of resistance genes in clinical isolates. 
 
Figure 1:  eBURST population snapshot graph based on hybridization patterns for eleven 
variable marker genes. The size of the circles correlates with number of 
isolates. Red are invasive isolates, yellow are isolates from local infections, 
green from carriers. Black indicates reference strains, and brown are isolates 
from bovine mastitis. 
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Table 1: Key markers for array-based strain classification, their average positions in the S. agalactiae genome and known alleles. (1/2) 
Median position 
based on NEM316, 
A909 and 2603V/R 
Gene(s) Presence/Allele Representative GenBank entries Code-Nr. 
145,000 bac Negative --- B-0 
  Positive CP000114.1 [145690-149184] B-1 
459,000 alp Negative --- A-0 
  alp-2 AL766845.1 [114012-117392] A-2 
  alp-3 AF245663.1 [365-2962] A-3 
  alp-4 DQ629924.1 [1-1095] A-4 
  alp-5 DQ629925.1 [1-1347] A-5 
  alp-bca CP000114.1 [459256-462318] A-B 
  alp-rib2 AM050558.1 [1-735; partial] A-R2 
  alp-rib (R4) AE009948.1 [447507-451676] A-R4 
647,000 pil1 locus Negative --- P1-0 
  pil1A/C --- P1-2 
  pil1A/B/C AE009948.1 [A: 636431-639103]/[ B: 631950-633614]/[ C: 633703-634626] P1-3 
700,000 pepS8  Negative --- E-0 
  Positive CP000114.1 [740435-743092] E-1 
877,000 fbsB fbsB (AM050623) AM050623 [1-1293] F-3 
  fbsB (AM050624) AM050624 [1-1992] F-4 
  fbsB (515) AAJP01000006.1 [11614-13521] F-5 
  fbsB (AY326423) AY326423 [167-2320] F-6 
  fbsB (A909) CP000114.1 [910378-912639] F-9 
1171,000 to Capsule  no capsule --- C-0 
1235,000 locus Capsule Typ IA For capsH Ia, CP000114.1 [1226719-1227858] C-1A 
  Capsule Typ IB For capsH Ib, AAJS01000021.1 [16021-17160] C-1B 
  Capsule Typ II For capsH II, AAJO01000077.1 [1918-3024] C-2 
  Capsule Typ III For capsH III, AL732656.1 [1279631-1280776] C-3 
  Capsule Typ IV For capsH IV, AF355776.1 [6895-7992] C-4 
  Capsule Typ V For capsH V, AE009948.1 [1172623-1173717] C-5 
  Capsule Typ VI For capsH VI, AF337958.1 [6907-8064] C-6 
  Capsule Typ VII For capsH VII, AY376403.1 [3881-4975] C-7 
  Capsule Typ VIII For capsH VIII, AY375363.1 [4219-5367] C-8 
  Capsule Typ IX For capsH IX, EF157290.1 [1-330; partial] 1-330 
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Table 1: Key markers for array-based strain classification, their average positions in the S. agalactiae genome and known alleles. (2/2) 
Median position 
based on NEM316, 
A909 and 2603V/R 
Gene(s) Presence/Allele Representative GenBank entries Code-Nr. 
1256,000 hylB hylB-negative --- H-0 
  hylB (NEM316) AL732656.1 [1308821-1311775] H-3 
  hylB (A909) CP000114.1 [1256012-1258993] H-9 
1,353,000 abiG-I/-II,  abiG-I/-II, Q8DZ34-negative --- Q-0 
 Q8DZ34 abiG-I/-II, Q8DZ34 (NEM316) AL732656.1 [1408678-1409268]/[1409265-1410113]/[1410217-1413012] Q-3 
  abiG-I/-II, Q8DZ34 (H36B) AAJS01000027.1 [10052-10642]/[10639-11483]/[11569-14370] Q-6 
1,419,000 to pil2 locus pil2-negative --- P2-0 
1,422,000 pil2 A/B/C pil2a (18RS21) AAJO01000002.1 [A: 21274-23979]/[B: 19027-21144]/[C: 16227-17153] P2-A1 
  pil2a (NEM316) AL732656.1 [A: 1528058-1530763]/[ B: 1525911-1527935]/[C: 1523114-1524040] P2-A3 
  pil2a (ABC020013424) A: EU929280.1 [12346-15051]/B: EU929899.1 [1-2082] P2-A4 
  pil2a (515) AAJP01000012.1 [A: 12346-15051]/[B: 15181-17208]/[C: 19079-20005] P2-A5 
  pil2a (H36B) AAJS01000017.1 [A: 21508-24198]/[B19308-21389]/[C: 16511-17437] P2-A6 
  pil2a (ABC020016680) A: EU929258.1 [1-2691]/B: EU929876.1B  P2-A8 
  pil2a (ABC020005369) A: EU929282.1 [1-2691]/B: EU929901.1 [1-2049] P2-A9 
  pil2b (COH1) AAJR01000022.1 [B: 7660-11964]/[C: 14416-15087]/ P2-B1 
  pil2b (527.25) A: AM051289.1 [1-1365] P2-B5 
  pil2b (A909) CP000114.1 [A: 1420792-1422300]/[B: 1422341-1426641]/C:[ 1419218-1419889] P2-B9 
1,482,000 to nss, srr,  nss/srr/rogB2-negative --- N-0 
1,487,000 rogB2 nss (COH1)+ srr (COH1) AAJR01000012.1 [16899-17828]/[28428-3168] N-1 
  nss+srr +rogB2 (NEM316) AL732656.1 [1587233-1588240]/[1588571-1592503]/[1531047-1532576] N-3 
  nss+srr +rogB2 (A909) CP000114.1 [1482334-1483341]/[1483672-1487448]/[1487831-1489323] N-9 
1,944,000 rgfC/A/D/B rgf-negative --- R-0 
  rgf (COH1) AAJR01000004.1 [A: 44577 -45329]/[B: 45545-46360]/[C: 43246-44580]/[D: 45304-45432] R-1 
  rgf (515) AAJP01000002.1 [A: 18747 -19499]/[B: 19776-20591]/[C: 18379-18739] R-5 
  rgf (A909) 
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MLST  CC MLST ST Reference strains 
Identical genome sequences, 
GenBank entry and predicted ST (in 


























CCUG 44140, ANDL01, ST1 
CCUG 49072, ANDP01, ST524 
CCUG 49100, ANDR01, ST1 
FSL S3-023, ANCP01, ST1 
GB00013, ALSO01, ST1 
Gottschalk 13227, ANEZ01, ST1 
Gottschalk 2864, ANFA01, ST1 
56 2 2 B-0 A-03 P1-3 E-1 F-9 C-05 H-3 Q-0 P2-A3 N-9 R-9 
HP-02 
   
09mas018883, HF952104.1, ST1 1 0 0 B-0 A-03 P1-3 E-1 F-9 C-05 H-3 Q-6 P2-A3 N-9 R-9 
HP-03 
   
 0 0 1 B-0 A-03 P1-0 E-1 F-9 C-05 H-3 Q-0 P2-A3 N-9 R-9 
HP-04 CC19/01 ST1 
 
 1 0 0 B-0 A-03 P1-3 E-1 F-9 C-07 H-3 Q-0 P2-B9 N-9 R-9 
HP-05 CC19/01 ST1 
 
 1 0 0 B-0 A-03 P1-3 E-1 F-9 C-1B H-9 Q-0 P2-A3 N-9 R-9 
HP-06 CC19/01 ST14   1 0 0 B-0 A-05 P1-3 E-1 F-9 C-X H-3 Q-0 P2-B9 N-9 R-9 
HP-07 CC19/01 ST297   0 0 2 B-0 A-05 P1-2 E-1 F-9 C-04 H-3 Q-0 P2-B9 N-9 R-1 
HP-08 CC19/01 ST425   0 6 0 B-0 A-BC P1-0 E-1 F-5 C-04 H-3 Q-0 P2-B1 N-1 R-5 
HP-09     0 1 0 B-0 A-BC P1-0 E-1 F-5 C-00 H-3 Q-0 P2-B1 N-1 R-5 
HP-10 CC19/02 ST2 
 
 1 0 0 B-0 A-05 P1-3 E-0 F-9 C-04 H-3 Q-3 P2-A3 N-9 R-X 
HP-11    CCUG 28551, ANDA01, ST2 1 0 1 B-0 A-05 P1-3 E-0 F-9 C-04 H-3 Q-0 P2-A3 N-9 R-9 
HP-12 CC19/02   GB00901, ALUK01, ST459  3 0 0 B-0 A-05 P1-3 E-1 F-9 C-04 H-3 Q-6 P2-A4 N-9 R-9 
HP-13 CC19/04 ST5 
 
 1 0 0 B-0 A-05 P1-2 E-1 F-9 C-1A H-3 Q-0 P2-B9 N-9 R-9 
HP-14 CC19/10 ST6 
 
 1 0 0 B-1 A-03 P1-3 E-1 F-9 C-02 H-3 Q-3 P2-A5 N-3 R-9 
HP-15 CC19/10 ST6 
H36B (GenBank 
AAJS01000xxx.1) 
 0 0 0 B-1 A-BC P1-0 E-1 F-9 C-1B H-9 Q-6 P2-A6 N-3 R-9 
HP-16 CC19/10 ST7 
A909 (GenBank 
CP000114.1)  
STIR-CD-28, ALRT01, ST500 
CF01173, CAQB01, ST7 
1 0 0 B-1 A-BC P1-3 E-1 F-9 C-1A H-9 Q-0 P2-B9 N-9 R-9 
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MLST  CC MLST ST Reference strains 
Identical genome sequences, 
GenBank entry and predicted ST (in 






















HP-17 CC19/10 ST8 
 
FSL S3-014, ANCR01, ST8 
Gottschalk 999B, ANFD01, ST8 
19 0 2 B-1 A-BC P1-3 E-1 F-9 C-1B H-9 Q-0 P2-A3 N-3 R-9 
HP-18 
   
 1 0 0 B-1 A-BC P1-3 E-1 F-9 C-1B H-9 Q-0 P2-A5 N-3 R-9 
HP-19 
   
 1 0 0 B-1 A-BC P1-3 E-1 F-9 C-1B H-9 Q-0 P2-A9 N-3 R-9 
HP-20 CC19/10 ST12 
 
 10 0 0 B-1 A-BC P1-3 E-1 F-9 C-02 H-9 Q-0 P2-A3 N-3 R-9 
HP-21 CC19/10 ST10   9 0 0 B-1 A-BC P1-3 E-1 F-9 C-05 H-3 Q-0 P2-A3 N-3 R-9 
HP-22     0 0 1 B-1 A-BC P1-3 E-1 F-9 C-05 H-3 Q-0 P2-A9 N-3 R-9 
HP-23 CC19/10 ST12   2 0 0 B-1 A-BC P1-3 E-1 F-9 C-02 H-3 Q-3 P2-A4 N-9 R-9 
HP-24 CC19/10 ST12   1 0 0 B-1 A-BC P1-0 E-1 F-9 C-02 H-3 Q-3 P2-A4 N-9 R-9 
HP-25     1 0 0 B-1 A-BC P1-3 E-1 F-9 C-02 H-3 Q-3 P2-A4 N-9 R-X 
HP-26 CC19/10 ST569   3 0 1 B-1 A-BC P1-3 E-1 F-9 C-02 H-3 Q-0 P2-A5 N-3 R-9 
HP-27 CC19/10 ST579slv   1 0 0 B-1 A-BC P1-3 E-1 F-9 C-04 H-3 Q-0 P2-A5 N-3 R-9 
HP-28     1 0 0 B-1 A-BC P1-3 E-1 F-9 C-02 H-3 Q-0 P2-A8 N-3 R-9 
HP-29     1 0 0 B-1 A-BC P1-3 E-1 F-9 C-02 H-3 Q-0 P2-X N-3 R-9 
HP-30 CC19/17 ST17 
COH1 (GenBank 
AAJR01000xxx.1) 
FSL S3-102, ANCS01, ST31 
GB00112, AKXO01, ST17 
M732, ALQW01, ST17 
Melin 455511, ALRA01, ST17 
62** 2 0 B-0 A-R4 P1-3 E-1 F-5 C-03 H-3 Q-0 P2-B1 N-1 R-1 
HP-31     1 0 0 B-0 A-R4 P1-3 E-1 F-5 C-03 H-3 Q-0 P2-X N-1 R-1 
HP-32 CC19/17 ST291   5 0 0 B-0 A-R4 P1-3 E-1 F-5 C-04 H-3 Q-0 P2-B1 N-1 R-1 
HP-33     1 0 0 B-0 A-R4 P1-0 E-1 F-5 C-03 H-3 Q-0 P2-B1 N-1 R-1 
HP-34 CC19/17 ST17   1 0 0 B-0 A-R4 P1-0 E-1 F-5 C-03 H-3 Q-6 P2-B1 N-1 R-1 
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Gottschalk 1003A, ALSI01, ST19 42 1 0 B-0 A-R4 P1-3 E-1 F-9 C-03 H-3 Q-6 P2-A1 N-3 R-5 
HP-36 CC19/19 ST19 
18RS21 (GenBank 
AAJO01000xxx.1) 
CCUG 91, ANCY01, ST28 
GB00588, ALTQ01, ST447 
20 2 0 B-0 A-R4 P1-3 E-1 F-9 C-02 H-3 Q-6 P2-A1 N-3 R-5 
HP-37 
   
 2 0 0 B-0 A-R4 P1-3 E-1 F-9 C-02 H-3 Q-0 P2-A1 N-3 R-5 
HP-38 CC19/19 ST28 
 
 4 1 0 B-0 A-R4 P1-3 E-1 F-9 C-02 H-3 Q-6 P2-A1 N-0 R-5 
HP-39 
   
 0 1 0 B-0 A-R4 P1-3 E-1 F-9 C-02 H-3 Q-6 P2-X N-0 R-5 
HP-40 CC19/19 ST193 
 
FSL S3-003, ALQJ01, ST19 12 0 0 B-0 A-R4 P1-3 E-1 F-9 C-03 H-3 Q-0 P2-A1 N-3 R-5 
HP-41 
   
 1 0 0 B-0 A-R4 P1-x E-1 F-9 C-03 H-3 Q-0 P2-A1 N-3 R-5 
HP-42 CC19/19 ST110 
2603V/R  (GenBank 
AE009948) 
 4 1 0 B-0 A-R4 P1-3 E-1 F-9 C-05 H-3 Q-6 P2-A1 N-3 R-5 
HP-43 
   
 2 0 0 B-0 A-R4 P1-0 E-1 F-9 C-05 H-3 Q-6 P2-A1 N-3 R-5 
HP-44 CC19/19 ST19 
 
 4 0 0 B-0 A-05 P1-3 E-1 F-9 C-05 H-3 Q-6 P2-A1 N-3 R-5 
HP-45 
   
 1 0 0 B-0 A-R4 P1-0 E-1 F-9 C-03 H-3 Q-6 P2-A1 N-3 R-5 
HP-46 CC19/22 ST22 
 
 6 0 0 B-0 A-BC P1-0 E-0 F-6 C-02 H-3 Q-0 P2-A9 N-3 R-5 
HP-47   
 
 1 0 0 B-0 A-BC P1-0 E-0 F-6 C-02 H-3 Q-3 P2-A9 N-3 R-5 





FSL S3-090, ANCQ01, ST23 
Gottschalk 31825, ANFB01, ST23 
53*** 3 1 B-0 A-05 P1-0 E-0 F-5 C-1A H-3 Q-0 P2-A5 N-3 R-5 
HP-49 CC23 ST24 
 
 3 9 0 B-0 A-BC P1-0 E-0 F-5 C-1A H-3 Q-0 P2-A5 N-3 R-5 
HP-50 CC23 ST144 
 
 1 5 0 B-0 A-R4 P1-0 E-0 F-5 C-1A H-3 Q-0 P2-A5 N-3 R-5 
HP-51 
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 1 0 0 B-0 A-05 P1-0 E-0 F-5 C-05 H-3 Q-0 P2-A5 N-3 R-5 
HP-53 
   
 2 0 0 B-0 A-05 P1-x E-0 F-5 C-1A H-3 Q-0 P2-A5 N-3 R-5 
HP-54 CC23 ST23 
NEM316 (GenBank 
AL732656.1) 
 5 0 0 B-0 A-02 P1-3 E-0 F-5 C-03 H-3 Q-3 P2-A3 N-3 R-5 
HP-55 CC23 ST23 
 
 2 0 0 B-0 A-02 P1-3 E-0 F-5 C-03 H-3 Q-3 P2-A5 N-3 R-5 
HP-56 
   
 0 0 1 B-0 A-02 P1-3 E-0 F-5 C-03 H-3 Q-3 P2-A8 N-3 R-5 
HP-57 CC23 ST23 
 
 14 0 0 B-0 A-02 P1-3 E-0 F-5 C-1A H-3 Q-3 P2-A8 N-3 R-5 
HP-58 
   
 1 0 0 B-0 A-02 P1-0 E-0 F-5 C-1A H-3 Q-3 P2-A8 N-3 R-5 
HP-59 
   
 1 0 0 B-0 A-02 P1-0 E-0 F-5 C-1A H-3 Q-X P2-A8 N-3 R-5 
HP-60 CC26 ST26 
 
 1 0 0 B-0 A-00 P1-0 E-0 F-4 C-05 H-3 Q-6 P2-A9 N-3 R-5 
HP-61 
   
 1 0 0 B-0 A-00 P1-0 E-0 F-4 C-05 H-3 Q-0 P2-A9 N-3 R-5 
HP-62 CC103 ST314 
 
 0 0 2 B-0 A-05 P1-0 E-1 F-3 C-1A H-9 Q-6 P2-B5 N-9 R-5 
HP-63 
   
 0 0 1 B-0 A-00 P1-0 E-1 F-3 C-03 H-9 Q-0 P2-B5 N-9 R-5 
HP-64 CC103 ST314 
 
 1 0 2 B-0 A-05 P1-0 E-1 F-3 C-1A H-9 Q-0 P2-B5 N-9 R-5 
HP-65 
   
 0 0 1 B-0 A-05 P1-0 E-1 F-3 C-03 H-9 Q-0 P2-B5 N-9 R-5 
HP-66 
   
 1 0 0 B-0 A-X P1-0 E-1 F-3 C-1A H-9 Q-6 P2-B5 N-9 R-5 
HP-67 
   
 0 0 1 B-0 A-05 P1-0 E-1 F-3 C-1A H-9 Q-6 P2-X N-9 R-5 
HP-68 CC130 ST130 
 
GB00300, ALTJ01, ST130 3 0 0 B-1 A-BC P1-0 E-1 F-3 C-09 H-3 Q-6 P2-A1 N-3 R-9 
HP-69 
   
 1 0 0 B-0 A-03 P1-3 E-1 F-9 C-02 H-3 Q-3 P2-A3 N-9 R-9 

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MLST  CC MLST ST Reference strains 
Identical genome sequences, 
GenBank entry and predicted ST (in 























   
 1 0 0 B-0 A-05 P1-0 E-1 F-9 C-02 H-3 Q-3 P2-X N-9 R-9 
HP-71 
   
 0 0 1 B-0 A-05 P1-X E-1 F-9 C-1A H-3 Q-6 P2-B9 N-9 R-5 
HP-72 
   
 1 0 0 B-0 A-R4 P1-2 E-1 F-9 C-02 H-3 Q-3 P2-B9 N-9 R-9 
HP-73 
   
 1 0 0 B-0 A-R4 P1-3 E-1 F-5 C-03 H-3 Q-X P2-A1 N-3 R-5 
HP-74   
   
 1 0 0 B-1 A-BC P1-0 E-1 F-9 C-1B H-9 Q-0 P2-X N-3 R-9 
HP-75   
   
 0 0 1 B-1 A-BC P1-0 E-1 F-9 C-02 H-3 Q-6 P2-A1 N-3 R-9 
HP-76   
   
 1 0 0 B-1 A-BC P1-3 E-1 F-9 C-02 H-3 Q-3 P2-A3 N-3 R-9 
 
* this was a strain from the proficiency testing programme for German diagnostic microbiology laboratories, 2010/Febr./RV4, obtained from INSTAND eV 
** including two isolates from clinically/epidemiologically established transmission 
*** including two isolates from another clinically/epidemiologically established transmission event 
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Table 3: Prevalences of marker alleles. (1/2) 
Presence/Allele Code 
Total; for all strains 
and isolates from this 
study 
Human isolates from 
Germany 
Human isolates from 
Trinidad & Tobago 
Veterinary isolates 
from Germany 
Isolates from invasive 
infection in humans 
Isolates from localised 
infection in humans 
Carriage isolates from 
humans 
  n % n % n % n % n % n % n % 
bac negative B-0 384 85,7 327 85.2 34 100.0 16 76.2 100 87.0 42 87.5 219 85.9 
bac positive B-1 64 14.3 57 14.8 0 0.0 5 23.8 15 13.0 6 12.5 36 14.1 
alp negative A-0 3 0.7 3 0.7 2 0.5 0 0.0 0 0.0 0 0.0 0 0.0 
alp-2 A-2 25 5.6 23 6.0 0 0.0 1 4.8 4 3.5 9 18.8 10 3.9 
alp-3 A-3 67 15.0 61 15.9 2 5.9 3 14.3 19 16.5 9 18.8 35 13.7 
alp-4 A-4 86 19.2 70 18.2 3 8.8 11 52.4 20 17.4 8 16.7 45 17.6 
alp-5 A-5 89 19.9 66 17.2 16 47.1 5 23.8 18 15.7 6 12.5 58 22.7 
alp-bca A-B 177 39.5 161 41.9 13 38.2 0 0.0 53 46.1 15 31.3 106 41.6 
alp-rib (R4) A-R4 25 5.6 23 6.0 0 0.0 1 4.8 1 0.9 1 2.1 0 0.0 
alp-rib2 A-R2 0 0.0 0 0 0 0 0 0 0 0.0 0 0.0 0 0.0 
alp atypical/unidentified A-X 1 0.2 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0 1 0.4 
pil 1 negative P1-0 120 26.8 83 21.6 24 70.6 10 47.6 24 20.9 9 18.8 74 29.0 
pil1A/C P1-2 4 0.9 2 0.5 0 0.0 2 9.5 0 0.0 0 0.0 2 0.8 
pil1A/B/C P1-3 320 71.4 296 77.1 10 29.4 8 38.1 89 77.4 39 81.3 178 69.8 
pil1 atypical/unidentified P1-X 4 0.9 3 0.8 0 0.0 1 4.8 2 1.7 0 0.0 1 0.4 
pepS8 negative E-0 54 26.3 95 24.7 17 50.0 3 14.3 29 25.2 16 33.3 67 26.3 
pepS8 positive E-1 330 73.7 289 75.3 17 50.0 18 85.7 86 74.8 32 66.7 188 73.7 
fbsB (AM050623) F-3 12 2.7 5 1.3 0 0.0 7 33.3 0 0.0 1 2.1 4 1.6 
fbsB (AM050624) F-4 2 0.4 2 0.5 0 0.0 0 0.0 1 0.9 1 2.1 0 0.0 
fbsB (515) F-5 187 41.7 155 40.4 26 76.5 2 9.5 61 53.0 22 45.8 98 38.4 
fbsB (AY326423) F-6 7 1.6 7 1.8 0 0.0 0 0.0 1 0.9 0 0.0 6 2.4 
fbsB (A909) F-9 240 53.6 215 56.0 8 23.5 12 57.1 52 45.2 24 50.0 147 57.6 
Capsule Type Ia C-1A 107 23.9 80 20.8 17 50.0 7 33.3 25 21.7 14 29.2 58 22.7 
Capsule Type Ib C-1B 26 5.8 23 6.0 0 0.0 2 9.5 10 8.7 0 0.0 13 5.1 
Capsule Type II C-2 64 14.3 57 14.8 4 11.8 2 9.5 11 9.6 4 8.3 46 18.0 
Capsule Type III C-3 137 30.6 129 33.6 3 8.8 3 14.3 47 40.9 14 29.2 71 27.8 
Capsule Type IV C-4 20 4.5 11 2.9 6 17.6 3 14.3 1 0.9 4 8.3 12 4.7 
Capsule Type V C-5 88 19.6 79 20.6 3 8.8 4 19.0 21 18.3 11 22.9 50 19.6 
Capsule Type VI C-6 1 0.2 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0 1 0.4 
Capsule Type VII C-7 1 0.2 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0 1 0.4 
Capsule Type VIII C-8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
Capsule Type IX C-9 3 0.7 3 0.8 0 0.0 0 0.0 0 0.0 1 2.1 2 0.8 
no capsule/truncated cap locus C-0 1 0.2 0 0.0 1 2.9 0 0.0 0 0.0 0 0.0 1 0.4 
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Table 3: Prevalences of marker alleles. (2/2) 
Presence/Allele Code 
Total; for all strains 
and isolates from this 
study 
Human isolates from 
Germany 
Human isolates from 
Trinidad & Tobago 
Veterinary isolates 
from Germany 
Isolates from invasive 
infection in humans 
Isolates from localised 
infection in humans 
Carriage isolates from 
humans 
  n % n % n % n % n % n % n % 
hylB negative H-0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
hylB (NEM316) H-3 401 89.5 348 90.6 34 100.0 12 57.1 102 88.7 46 95.8 234 91.8 
hylB (A909) H-9 47 10.5 36 9.4 0 0.0 9 42.9 13 11.3 2 4.2 21 8.2 
abiG/ Q8DZ34-negative Q-0 309 69.0 261 68.0 28 82.4 15 71.4 92 80.0 28 58.3 169 66.3 
abiG/ Q8DZ34 (NEM316) Q-3 36 8.0 34 8.9 0 0.0 1 4.8 4 3.5 10 20.8 20 7.8 
abiG/ Q8DZ34 (H36B) Q-6 101 22.5 87 22.7 6 17.6 5 23.8 17 14.8 10 20.8 66 25.9 
abiG/ Q8DZ34 (unidentified) Q-X 2 0.4 2 0.5 0 0.0 0 0.0 2 1.7 0 0.0 0 0.0 
pil2 negative P2-0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
pil2a (18RS21) P2-A1 104 23.2 96 25.0 5 14.7 1 4.8 19 16.5 9 18.8 73 28.6 
pil2a (NEM316) P2-A3 115 25.7 105 27.3 2 5.9 6 28.6 32 27.8 13 27.1 62 24.3 
pil2a (ABC020013424) P2-A4 7 1.6 7 1.8 0 0.0 0 0.0 1 0.9 3 6.3 3 1.2 
pil2a (515) P2-A5 88 19.6 67 17.4 17 50.0 2 9.5 24 20.9 7 14.6 53 20.8 
pil2a (H36B) P2-A6 1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
pil2a (ABC020016680) P2-A8 18 4.0 17 4.4 0 0.0 1 4.8 2 1.7 8 16.7 7 2.7 
pil2a (ABC020005369) P2-A9 11 2.5 10 2.6 0 0.0 1 4.8 2 1.7 1 2.1 7 2.7 
pil2a (unidentified) P2-AX 6 1.3 5 1.3 1 2.9 0 0.0 2 1.7 0 0.0 4 1.6 
pil2b (COH1) P2-B1 79 17.6 69 18.0 9 26.5 0 0.0 33 28.7 7 14.6 38 14.9 
pil2b (527.25) P2-B5 8 1.8 2 0.5 0 0.0 6 28.6 0 0.0 0 0.0 2 0.8 
pil2b (A909) P2-B9 9 2.0 5 1.3 0 0.0 3 14.3 0 0.0 0 0.0 5 2.0 
pil2b (unidentified) P2-BX 2 0.4 1 0.3 0 0.0 1 4.8 0 0.0 0 0.0 1 0.4 
nss/srr/rogB2 negative N-0 6 1.3 4 1.0 2 5.9 0 0.0 1 0.9 0 0.0 5 2.0 
nss/srr (COH1) N-1 80 17.9 70 18.2 9 26.5 0 0.0 33 28.7 7 14.6 39 15.3 
nss/srr/rogB2 (NEM316) N-3 268 59.8 234 60.9 21 61.8 7 33.3 62 53.9 29 60.4 164 64.3 
nss/srr/rogB2 (A909) N-9 94 21.0 76 19.8 2 5.9 14 66.7 19 16.5 12 25.0 47 18.4 
rgf negative R-0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
rgf (COH1) R-1 75 16.7 70 18.2 2 5.9 2 9.5 33 28.7 7 14.6 32 12.5 
rgf (515) R-5 233 52.0 188 49.0 30 88.2 10 47.6 48 41.7 24 50.0 146 57.3 
rgf (A909) R-9 138 30.8 124 32.3 2 5.9 9 42.9 34 29.6 17 35.4 75 29.4 
rgf atypical/unidentified R-X 2 0.4 2 0.5 0 0.0 0 0.0 0 0.0 0 0.0 2 0.8 
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Table 4: Prevalence of resistance genes in clinical isolates. 
Gene Total; for all strains 
and isolates from this 
study 
Clinical isolates from 
Germany 
Clinical isolates from 
Trinidad & Tobago 
Veterinary isolates 
from Germany 
 n % n % n % n % 
erm(A) 26 5.8 26 6.8 0 0.0 0 0.0 
erm(B) 47 10.5 44 11.5 0 0.0 3 14.3 
erm(C) 8 1.8 8 2.1 0 0.0 0 0.0 
tet(M) 345 77.0 306 79.7 24 70.6 10 47.6 
emrB/qacA 448 100.0 384 100.0 34 100.0 21 100.0 
cadC 95 21.2 86 22.4 6 17.6 0 0.0 
cadD 400 89.3 352 91.7 32 94.1 10 47.6 
merR+merA 213 47.5 176 45.8 30 88.2 1 4.8 
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Figure 1: eBURST population snapshot graph based on hybridization patterns for eleven variable marker genes. The size of the circles 
correlates with number of isolates. Color codes indicate provenance: red are invasive isolates, yellow are isolates from local infections, green 








Streptococcus (S.) agalactiae sind grampositive, in Ketten gelagerte Kokken, die auf 
Blutagar eine Hämolyse zeigen. Aufgrund ihrer Zugehörigkeit zur Lancefield-Gruppe B 
werden sie auch als Gruppe B Streptokokken (GBS) bezeichnet (Hof, 2005). GBS sind die 
Hauptursache von Sepsis, Meningitis und Pneumonie bei Neugeborenen (Schrag, et al., 
2000). 
 
Die Arbeit beschäftigte sich mit der Genotypisierung von GBS. Darüber hinaus konnten 
auch Einblicke in die Phylogenese sowie die Populationsstruktur von GBS gewonnen 
werden. Ziel war es, einen DNA-Microarray zu entwickeln und zur Genotypisierung von 
GBS einzusetzen. Während der Evaluierung des DNA Microarray konnten 
stammspezifische Muster beobachtet werden, diese wurden durch bereits etablierte 
Typisierungmethoden (MLST) bekannten Genotypen zugeordnet. Die Ergebnisse wurden 
in einer Datenbank zusammengefasst. Mithilfe der Datenbank konnte die Software zur 
Auswertung entwickelt werden. 
(siehe http://alere-technologies.com/en/products/lab-solutions.html). 
 
Der DNA-Microarray trägt Sonden für GBS-spezifische Virulenzfaktoren und 
Oberflächenmarker. Für die auf dem Microarray basierende Typisierung wurden 11 über 
das ganze Genom verteilte Gene bzw. Gencluster (bac, alp, pil1 locus, pepS8, fBsB, 
capsule locus, hylB, abiG-I/-II plus Q8DZ34, pil2 locus, nss plus srr plus rogB2 und 
rgfC/A/D/B) ausgewählt. Ubiquitär vorkommende, konservierte Gene (z. B. cylD/cylE) 
eignen sich nicht als Marker für eine Typisierung, wurden aber als Kontrollen und zur 
Normierung eingeschlossen. Zur vollständigen Charakterisierung wurden außerdem 
Sonden für hochmobile plasmidgebundene Resistenzgene wie z. B. erm(A), erm(B), 
erm(C), tet(M), emrB/qacA aufgetragen (Aracil, et al., 2002; Betriu, et al., 2003; Uh, et al., 
2001). Diese Gene sind nicht für GBS spezifisch. Sie eignen sich z. B. für eine 
Unterscheidung einzelner Isolate, nicht jedoch für die Unterteilung der GBS Population in 
verschiedene Stämme. 
 
Für die vorliegende Arbeit wurden insgesamt 448 klinische Isolate von GBS ausgewählt 
und untersucht. Darunter waren Isolate, die schwerwiegende Erkrankungen wie Sepsis 




asymptomatischen/gesunden Trägern. Zu Vergleichszwecken wurden außerdem Isolate 
aus der Veterinärmedizin (von bovinen Mastitisfällen) und humane Isolate aus einer 
geographisch weit entfernten Region (Trinidad und Tobago) genotypisiert. Für 36 
ausgewählte Isolate mit repräsentativen Hybridisierungsmustern wurde zusätzlich eine 
Typisierung mittels Multilocus-Sequenztypisierung (MLST) (Jones, et al., 2003) 
durchgeführt. Die Hybridisierungsmuster vom Microarray wurden mit Daten aus diesem 
bereits etablierten Typisierungssystem verbunden. Durch die Verknüpfung beider 
Methoden konnte eine Einteilung der GBS Isolate in verschiedene Stämme vorgenommen 
werden. Mit Hilfe des eBURST-Algorithmus wurde gezeigt, dass einige 
Hybridisierungsmuster sich zu Gruppen zusammenfügen. Dieses Verfahren 
veranschaulicht die Populationsstruktur und beschreibt die genetische Vielfalt. 
Mit den 11 definierten Markern konnten die untersuchten Isolate 76 verschiedenen 
Stämmen bzw. „hybridization profiles“ (HP) zugeordnet werden. Die Einteilung beruht auf 
dem Fehlen bzw. Vorhandensein einzelner Gene/Gencluster bzw. deren allelischen 
Varianten. Diese Stämme korrelieren mit den durch MLST definierten klonalen Komplexen 
(CC). Isolate mit identischen oder ähnlichen Hybridisierungsprofilen gehören zum selben 
CC. Dagegen können Isolate mit einem ähnlichen MLST-Profil verschiedene 
Hybridisierungsmuster zeigen. Es konnte außerdem häufig beobachtet werden, dass 
ansonsten ähnliche Stämme sich in einzelnen Merkmalen, z. B. Kapsel-Genen, alp- oder 
pili-Genen, voneinander unterscheiden, und dass diese Gene unabhängig voneinander 
variieren. Zusätzlich zeigten einige ubiquitäre Gene/Gencluster, die sich in den 
publizierten Genomsequenzen immer an derselben Position befinden, zahlreiche 
verschiedene Allele. Welches Allel in einem gegebenen Stamm gerade vorliegt, scheint 
dabei eher zufällig zu sein. Eine Erklärung dieses Phänomens könnte in vergangenen 
Rekombinationsereignissen liegen. Auch eine konvergente Evolution könnte diskutiert 
werden. 
Ähnliche Stämme/ „hybridization profiles“ wurden in Analogie zu den MLST-definierten 
klonalen Komplexen zu Gruppen zusammengefügt. Das bedeutet jedoch nicht 
notwendigerweise eine direkte Verwandtschaft der Isolate im Sinne des Vorhandenseins 
eines unmittelbaren gemeinsamen Vorfahren. Die Typisierung sowohl über den DNA-
Microarray als auch über die MLST kann nicht die „wahre“ Phylogenese im Rahmen der 
Evolutionsgeschichte und Herkunft widerspiegeln. Sie stellt lediglich ein zufälliges Modell 
dar, ein Ordnungssystem im Sinne eines genetischen Fingerabdrucks, das einen 






Die untersuchten GBS Isolate konnten in fünf klonale Komplexe (CC19, CC23, CC26, 
CC103, CC130) eingeteilt werden, deren Häufigkeit unterschiedlich war. Deutsche 
humanmedizinische Isolate konnten vorwiegend CC19 zugeordnet werden. Karibische 
humanmedizinische Isolate sind zumeist CC19 und CC23 zugehörig. Bovine Isolate 
gehören meist zu CC19 und CC103. Unter humanen Isolaten ist CC103 rar. Vermutlich 
basierend auf der geografischen und wirtsspezifischen Herkunft der untersuchten GBS 
Isolate gibt es Unterschiede in der Populationsstruktur. 
In der vorliegenden Arbeit war CC19 der am häufigsten gefundene und außerdem ein 
genetisch besonders inhomogener CC. Er besteht aus mehreren unterschiedlichen, 
bisher als eigenständig angesehenen CCs (darunter CC1, CC17, CC19 und CC22). Diese 
werden von dem zur MLST-Verwandtschaftsanalysen verwendeten eBURST-Algorithmus 
zu CC19 zusammengefasst, seit die MLST-Profile von "missing links" zwischen den CCs 
identifiziert wurden, da eBURST „gemeinsame Vorfahren“ nicht von durch horizontalem 
Gentransfer bzw. durch Hybridisierungen entstandenen „Chimären“ unterscheiden kann. 
Da diese Komplexe klar unterscheidbare Hybridisierungsmuster aufweisen, wurden sie 
hier als CC19/01, CC19/17, CC19/19 und CC19/22 bezeichnet. 
 
Einzelne Gene traten in Gruppen von Isolaten aus verschiedener Herkunft unterschiedlich 
häufig auf. So fand sich der Virulenzfaktor scpB in 412 von 418 humanen Isolaten (98,6 
%), aber nur in 10 von 21 Rinderisolaten (48 %). Ferner ließ sich beobachten, dass 
invasive Isolate weniger wahrscheinlich abiGI-/II und Q8DZ34 tragen, jedoch häufiger pil1 
locus, fbsB (515) und Kapseltyp III sowie pil2b, nss/srr und rgf (COH1 like) aufweisen. 
Einige dieser Marker erscheinen zusammen in CC19/17-Stämmen, welche häufig bei 
invasiven Krankheitsverläufen beobachtet werden. CC19 (incl. ST01, ST17, ST19) konnte 
bei neonatalen Sepsis-Fällen in verschiedenen geografischen Regionen isoliert werden 
(Brzychczy-Wloch, et al., 2012; Ryu, et al., 2014; Sorensen, et al., 2010; Strakova, et al., 
2010; Tien, et al., 2011). Zusätzlich wurden andere Virulenzfaktoren wie speM (Exotoxin 
M) und das cyl-Operon (beta-Hämolysin) untersucht. In lediglich sieben Isolaten wurde 
speM nachgewiesen. Das cyl-Operon konnte in allen Isolaten gefunden werden, sein 
Nachweis ist daher für eine Vorhersage der Virulenz eines gegebenen Isolates nicht 
hilfreich.  
Es konnte kein einzelner Faktor zur definitiven Unterscheidung zwischen invasiven 
Isolaten und Trägerisolaten bestimmt werden. Für die Virulenz eines Isolates ist 
wahrscheinlich nicht das bloße Vorhandensein oder Fehlen eines bestimmten Genes 




Zusammenhang auch die genaue Betrachtung der Sequenz eines als Virulenzfaktor 
angesehenen Genes sowie die Untersuchung der zugehörigen regulatorischen Gene. 
Über den Nachweis der Gene erm(A), erm(B) und erm(C) konnte eine Aussage über die 
Macrolid-/Clindamycinresistenz eines GBS Isolates getroffen werden. Bei keinem der 
karibischen Isolate wurden erm Gene nachgewiesen. Innerhalb der deutschen GBS 
Population wurde erm(B) am häufigsten beobachtet. Die Gene erm(A) und erm(C) waren 
in humanen Isolaten selten und wurden in bovinen Isolaten überhaupt nicht gefunden. 
Das Tetracyclinresistenzgen tet(M) wurde häufig in humanen Isolaten und sehr selten in 
veterinärmedizinischen Isolaten gefunden. 
 
Für weiterführende Untersuchungen könnte die beschriebene Typisierungsmethode 
verfeinert werden. So lassen sich z. B. die oben beschriebenen 11 ausgewählten 
Typisierungsmarker des Microarrays mit denen der MLST zu einem 18 Marker-System 
verknüpfen. Daneben können auch erm-, cad-, mer- oder tet-Gene zur Feststellung oder 
zum Ausschluss der Identität verwandter Isolate in vitro oder in silico verwendet werden. 
Mit der nun einsatzbereiten Genotypisierungsmethode können in Zukunft weitere Studien 
zur Untersuchung regionaler und wirtsspezifischer Unterschiede der GBS Population 
durchgeführt werden. 
 
In dieser Arbeit konnte gezeigt werden, dass der DNA-Microarray stabile und 
reproduzierbare Resultate erbringt. Es kann ein detaillierter Befund erstellt werden, die 
Ergebnisse sind mit denen anderer Typisierungsmethoden und der Genomsequenzierung 
vergleichbar. Jedoch steht mit dem DNA-Microarray ein wesentlich unkomplizierteres und 







Streptococcus (S.) agalactiae are Gram-positive, chain-forming cocci, which show 
hemolysis on blood agar. They are also referred to group B streptococci (GBS) because 
of their affiliation to Lancefield-group B (Hof, 2005). GBS are the main cause of sepsis, 
meningitis and pneumonia in newborns (Schrag, et al., 2000). 
 
The work focused on genotyping of GBS. The aim was to develop a DNA microarray and 
to use it for epidemiological typing of GBS. During the evaluation of the microarray, strain-
specific patterns could be observed and these patterns assigned to genotypes as defined 
by other typing methods (MLST). The results were summarized in a database that 
subsequently was developed into software for automated analysis of experiments  
(http://alere-technologies.com/en/products/lab-solutions.html). 
 
The DNA microarray carries probes for GBS specific virulence factors and surface 
markers. For the microarray-based typing, 11 genes or gene clusters were selected that 
are distributed across the entire genome (bac, alp, pil1 locus, pepS8, fBsB, capsule locus, 
hylB, abiG-I/-II plus Q8DZ34, pil2 locus, nss plus srr plus rogB2 and rgfC/A/D/B). 
Ubiquitous, conserved genes (e.g. cylD/cylE) were included to be used as species 
markers and controls. Furthermore, probes for highly mobile plasmid-borne resistance 
genes such as erm(A), erm(B), erm(C), tet(M), emrB/qacA were also included (Aracil, et 
al., 2002; Betriu, et al., 2003; Uh, et al., 2001). These genes are not specific to GBS, but 
they are found in some isolates. They can be used to distinguish individual, related 
isolates, rather than for a definition of distinct strains.  
 
A total of 448 isolates of GBS was selected and examined for the present work. Among 
them were isolates from severe diseases, such as sepsis and meningitis, isolates from 
local infections as well as isolates from asymptomatic/healthy carriers. For comparison, 
isolates from veterinary medicine (from cases of bovine mastitis) and human isolates from 
a geographically distant region (Trinidad and Tobago) were genotyped. 
For 36 selected isolates with representative hybridization patterns, parallel typing was 
performed using a second method, multilocus sequence typing (MLST) (Jones, et al., 
2003). Hybridization patterns on the Microarray could thus be linked to this already 
established typing system. With the array based GBS typing isolates could be divided into 





based on the absence or presence of individual genes or gene clusters or their allelic 
variants. 
 
Similar isolates were lumped together. The eBURST algorithm was used to group strain-
specific patterns into groups of related strains illustrating the population structure and 
describing the genetic diversity. Groups of similar hybridization patterns largely correlate 
with the clonal complexes (CC) defined by MLST. While isolates with identical or similar 
hybridization profiles belong to the same CC, isolates with a similar MLST profile can 
show different hybridization patterns. It has also often been observed that otherwise 
similar strains differ from each other in individual traits, e.g. capsule genes, alp or pili 
genes, and that these genes vary independently of one another. In addition, some 
ubiquitous genes/gene clusters, which are always localized at the same position in the 
published genomic sequences, show numerous different alleles and related strains (that 
belong to one clonal complex) might differ in the presence of one allele. Alleles are thus 
not linked to clonal complexes, but rather randomly distributed. An explanation of this 
phenomenon could be a frequent occurrence of recombination events or horizontal gene 
transfers. A convergent evolution could also be discussed as an alternative explanation. 
A similarity of hybridization profiles does not necessarily mean a direct phylogenetic 
relationship between the isolates in the sense of being derived from a direct common 
ancestor. Typing both the DNA microarray and the MLST cannot reflect the "true" 
phylogenesis, evolutionary history and origin. Assuming frequent recombination i.e., 
random events, the MLST profiles as well as the hybridization patterns can be used as 
genetic fingerprints, allowing a comparison of isolates, but no conclusions about their 
phylogeny and origin. 
 
The investigated GBS isolates were classified into five clonal complexes (CC19, CC23, 
CC26, CC103, CC130) with very different relative abundances indicating differences in 
the population structure with regard to geographic origin and host organisms. German 
medical isolates were mainly assigned CC19. Caribbean medical isolates mostly were 
assigned to CC19 and CC23. Bovine isolates usually belonged to CC19 and CC103. 
Among human isolates, CC103 was rare. In the present work, CC19 was the most 
abundant and the genetically most inhomogeneous CC. Several different clusters that 
previously been regarded as CCs (CC1, CC17, CC19 and CC22) have recently been 
merged to CC19 by the eBURST algorithm since MLST profiles of missing links between 




MLST types are linked by true common ancestors or by hybrid or chimera strains 
originating from horizontal gene transfers or hybridization events. Since these complexes 
within CC19 have clearly distinguishable hybridization patterns, they have been referred 
to herein as CC19/01, CC19/17, CC19/19 and CC19/22, and we assume that they are 
linked by hybridizations or gene transfers rather than by shared ancestry. 
 
Few differences were found between isolates from different origins. The virulence factor 
scpB was found in 412 of 418 human isolates (98.6%), but only in 10 of 21 bovine isolates 
(48%). Furthermore, it was observed that invasive isolates are less likely to carry abiGI-/II 
and Q8DZ34, but are more likely to have pil1 locus, fbsB (515) and capsule type III as well 
as pil2b, nss/srr and rgf (COH1 like). Some of these markers appear together in CC19/17 
strains, which are often observed in invasive disease. speM (exotoxin M) was also 
investigated. It was detected only in seven isolates. Contrarily, the cyl (beta-hemolysin) 
operon was found in all isolates. Thus, it detection is not helpful for a prediction of the 
virulence of a given isolate. 
No single factor could be identified that allowed a definitive distinction between invasive 
isolates and carrier isolates. Probably, the virulence of an isolate does not depend on the 
presence or absence of one particular gene. In this context, it would be important to 
investigate the expression in vivo of the various putative virulence factors as well as the 
allelic variants of the factors and of their associated regulatory genes. 
Macrolide-/clindamycin resistance genes erm(A), erm(B) and erm(C) can also be detected 
by the microarray. None of these genes was identified in any of the Caribbean isolates. 
Within the German GBS population, erm(B) was most frequently observed. The genes 
erm(A) and erm(C) were rare in human isolates, and they were not found in bovine 
isolates. The tetracycline resistance gene tet(M) was observed frequently in human 
isolates but only very rarely in veterinary isolates. 
 
With the genotyping method that was developed during the present work, further studies 
can be carried out to study regional and host-specific differences in the GBS population. 
For future investigations, the described typing method could further be refined. For 
example, the 11 selected typing markers on the microarray can be combined with those 
from MLST to one comprehensive marker system. In addition, it is also possible to use 
genes on mobile genetic elements such as resistance genes (erm, cad, mer or tet) to 





In our study, it was shown that the DNA microarray provides stable and reproducible 
results that are comparable to those of other typing methods and genome sequencing. 
However, since the DNA microarray offers a much more uncomplicated and faster 
procedure, which also results in lower costs, it is more suitable to a routine setting. 
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On 05.08.2014, Editor in Chief, JCM asm@submit.net wrote 
Subject: JCM01938-14 Decision Letter 
Journal of Clinical Microbiology Reviewer comments 
 
Re: JCM01938-14 (DNA-array-based typing of Streptococcus agalactiae) 
 
Dear Dr. Monecke:  
 
I regret to inform you that we will not be able to publish your manuscript entitled "DNA-
array-based typing of Streptococcus agalactiae" in Journal of Clinical Microbiology (JCM). 
Your submission was reviewed by two individuals with expertise in the area addressed in 
your investigation and it was the consensus view of these reviewers that your paper did 
not meet the standards necessary for publication in JCM. Copies of the reviewers' 
comments are attached for your consideration. The biggest concerns were that your 
report was excessively long and lacked a definitive focus.  
 
I am sorry to have to convey this decision but have appreciated the opportunity of 
examining your work.  
 
Authors of papers rejected by JCM have the perogative of resubmitting their work to JCM 
once following major revisions. Should you choose to do that, taking into account all of the 




Gary V. Doern 
Editor in Chief 
Journal of Clinical Microbiology  
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Reviewer #1 – 
 
This manuscript describes an in-depth array-based analysis of S. agalactiae isolates. The 
manuscript clearly details the microarray design and optimization of the array protocol. 
However, the paper should be drastically shortened and more clearly focused on the goal 
of the study, S. agalactiae array characterization. For example: 
 
1. Lengthy introductory statements regarding pathogenicity, decolonization, and 
antimicrobial chemotherapy of S. agalactiae can be deleted. 
2. Wherever possible, Materials and Methods should reference published protocols 
avoiding detailed step-by-step "thesis-like" descriptions. 
3. The gene-by-gene Results sections also need to be much more concisely summarized. 
4. Discussion comments regarding vaccine development, while interesting, are also 
peripheral to the goal of the study. 
5. Figure 1 can be eliminated. 
 
Overall, it is difficult to determine what the authors actually recommend in terms of the use 
of array data for typing purposes. The data presented here relate to general S. agalactiae 
population analysis rather than more specific epidemiological typing (e.g., for outbreak 
analysis). The authors acknowledge the difficulty in trying to use such data for 
epidemiological purposes (lns 427-431; 528-534) a problem compounded by the fact that 
the study did not include any isolates with known epidemiological linkage. Thus, there is 
no way to know how well this approach would actually perform for outbreak analysis. 
 
 
Reviewer #2 – 
 
This research evaluated DNA-microarray technology as a tool to characterize clinical 
isolates of Group B Streptococcus using the presence or absence of virulence markers 
and resistance genes. The authors evaluated non-invasive and invasive human and 
animal GBS isolates that were obtained from several geographic regions and developed a 
microarray typing scheme based on 11 markers and compared this to multilocus 
sequence typing. Based on the microarray typing scheme, the 448 isolates were split into 
76 strains. The authors found interesting regional and host specific differences among 
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strains, and some similarities among invasive isolates. This research highlights that there 
is a great deal of genetic diversity among GBS isolates, even among previously identifies 
MLST groupings. The microarray typing scheme may be useful in epidemiological studies 
of GBS. This study was well designed and executed. The strengths include the large 
number of GBS isolates from a variety of sources and 
the methodologies employed. 
 
The manuscript is already quite lengthy due describing the considerable molecular 
diversity of the GBS isolates. However, the introduction can be shortened as it contains 
quite alot of background information on GBS that is not relevant to the research 
presented. 
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4.2 Antworten an den Editor 
 
Sir, 
please allow us to submit the manuscript “DNA-ARRAY-BASED TYPING OF 
STREPTOCOCCUS AGALACTIAE” for publication in JCM. In this paper we describe the 
development and validation of a DNA microarray for characterization and typing of 
Streptococcus agalactiae and its application to clinical and veterinary isolates. There was 
a previous, rejected submission (JCM01938-14) of an earlier version of the manuscript, 
and you encouraged us to resubmit once the requirements of the reviewers were met.  
Major concerns of the reviewers were:  
„… the paper should be drastically shortened and more clearly focused on the goal of the study, S. 
agalactiae array characterization. For example:1. Lengthy introductory statements regarding 
pathogenicity, decolonization, and antimicrobial chemotherapy of S. agalactiae can be deleted. 
2. Wherever possible, Materials and Methods should reference published protocols avoiding 
detailed step-by-step "thesis-like" descriptions. 
3. The gene-by-gene Results sections also need to be much more concisely summarized. 
4. Discussion comments regarding vaccine development, while interesting, are also peripheral to 
the goal of the study 
5. Figure 1 can be eliminated.“  
and  
1. The manuscript is already quite lengthy due describing the considerable molecular diversity of 
the GBS isolates. However, the introduction can be shortened as it contains quite alot of 
background information on GBS that is not relevant to the research presented. 
Accordingly, we drastically shortened the manuscript in order to achieve clearer focus. 
The “textbook” sections from Introduction have been largely omitted as well as some 
speculative paragraphs from Discussion (e.g., with regard to the issue of vaccinations). 
Material and Methods was slightly shortened, some details however needed to be 
retained as protocols are similar but not identical to previously published protocols that 
targeted other bacteria. We deleted sections from the “gene-by-gene Results sections” 
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that were redundant to the tables and we omitted Figure 1 and a couple of references that 
were quoted only in the Introduction. 
Reviewer 2 also wrote: “Overall, it is difficult to determine what the authors actually recommend 
in terms of the use of array data for typing purposes. The data presented here relate to general S. 
agalactiae population analysis rather than more specific epidemiological typing (e.g., for outbreak 
analysis). The authors acknowledge the difficulty in trying to use such data for epidemiological 
purposes (lns 427-431; 528-534) a problem compounded by the fact that the study did not include 
any isolates with known epidemiological linkage. Thus, there is no way to know how well this 
approach would actually perform for outbreak analysis.” 
We developed the array to be used in “more specific epidemiological typing (e.g., for 
outbreak analysis)” but because of the requirements for anonymization and patient privacy 
as well as by the low rate of mother child transmission in our hospital (where prenatal 
screening and decolonization is strictly enforced) we were not really able to investigate the 
real life performance of the array for tracing transmissions in the present study. However, 
we are aware of two clinically/epidemiologically proven episodes of transmissions; these 
are indicated by asterisks and footnotes in Table 2 of the new version of the manuscript. 
In both episodes, connected isolates were identical by array. Generally, we can say with 
the current set of data that it is possible to type GBS with a much better resolution than 
serotyping, and a comparable resolution to MLST. We cannot say how stable an array 
profile is, i.e. with which frequency a certain marker might get lost or swapped for another 
allele, and we can’t tell about the stability of auxiliary markers such as erm or tet genes 
which theoretically could be used to tell apart isolates that present with otherwise identical 
hybridisation patterns. The frequency or probability of changes affecting typing markers is 
also not known for MLST; it is not clear how likely it is that in a case of transmission a 
mother had, e.g., a ST1 (1-1-2-1-1-2-2) isolate and her infected child a ST524 strain (1-1-
2-1-1-2-44).  
We hope that the manuscript now meets your journal’s requirements and want to thank 
you and the reviewes for your efforts. We assure that all authors involved have read the 
submitted version of the manuscript, that all those listed in the Acknowledgement section 
have agreed to be included, and that the manuscript has not been published elsewhere. 
Sincerely yours 
Stefan Monecke, on behalf of all authors
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On 23.08.2014, Editor in Chief, JCM asm@submit.net wrote 
Subject: JCM02411-14 Decision Letter 
Journal of Clinical Microbiology Reviewer comments 
 
Re: JCM02411-14 (DNA-Array-based Typing of Streptococcus agalactiae) 
 
Dear Dr. Monecke:  
 
I have just accepted for publication in JCM, this revision of your initial submission and I 
am forwarding it to the ASM Journals Department for processing. If your submission 
included supplemental material to be considered for posting, my decision regarding each 
supplemental file may be found at the bottom of this letter. For your reference, ASM 
Journals' address is given below. Before it can be scheduled for publication, your 
manuscript must be checked by the ASM production editor to make sure that all elements 
meet the technical requirements for publication. Charles Brown, the production editor for 
Journal of Clinical Microbiology, will contact you if anything needs to be revised before 
copyediting and production can begin. Otherwise, you will be notified when your proofs 
are ready to be viewed. 
 
Corresponding authors who are active ASM members at the Contributing or Premium 
level are entitled to discounted page charges, reprint fees, and color figure fees. For 2014 
issues, page charges (subject to change without notice) will be assessed at $67 per 
printed page for the first eight pages and $125 for each page in excess of eight for a 
corresponding author who is such an ASM member or $135 per printed page for the first 
eight pages and $250 for each page in excess of eight for a nonmember or Supporting 
member corresponding author. A corresponding author who is not a Contributing or 
Premium member may upgrade or join ASM to obtain the member rate. If the research 
was not supported, you may send a request for a waiver of page charges to the Director, 
Journals. For more details, including types of articles not charged, see the Instructions to 
Authors. Color charges for 2014 issues are $170 per figure 
for a Contributing or Premium member corresponding author and $375 per figure for a 
nonmember or Supporting member corresponding author. Please note that any figures 
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you supplied in color will automatically be processed as color and you will be responsible 
for color costs.  
 
To offset the costs associated with posting journal article supplemental material, ASM 
charges a flat fee for authors who wish to publish supplemental material as an adjunct to 
their published article. The 2014 fee is $190 for a Contributing or Premium member 
corresponding author or $285 for a nonmember or Supporting member corresponding 
author, with a limit of 10 supplemental files per article. (Exceptions: Minireviews and 
Commentaries are exempt from this fee.) 
 
ASM is also now offering authors the option of paying a fee to allow immediate open 
access to both the preliminary "Accepts" version and the final, typeset version of their 
articles. The 2014 fee is $2,000 for a Contributing or Premium member corresponding 
author or $3,000 for a nonmember or Supporting member corresponding author, which is 
in addition to current publication charges. The open access provided through NIH's 
PubMed Central repository is separate and will continue regardless; all primary research 
published in ASM journals is freely available through PubMed Central 6 months after 
publication. Please contact the ASM production editor immediately if you wish to pay the 
optional open access fee. 
 
Note the following about publish ahead of print: For its primary-research journals, ASM 
posts online PDF versions of manuscripts that have been peer reviewed and accepted but 
not yet copyedited. This feature is called "JCM Accepts" and is accessible from the 
Journals website. The manuscripts are published online as soon as possible after 
acceptance, on a weekly basis, before the copyedited, typeset versions are published. 
They are posted "As Is" (i.e., as submitted by the authors at the modification stage), and 
corrections/changes are NOT accepted. Accordingly, there may be differences between 
the JCM Accepts version and the final, typeset version. The manuscripts remain listed on 
the JCM Accepts page until the final, typeset versions are posted, at which point they are 
removed from the JCM Accepts page. They are under subscription access control until 6 
months after the typeset versions are posted, when access to all forms becomes free to 
everyone. Any supplemental material intended, and accepted, for publication is not posted 
until publication of the final, typeset article. 
 
Embargo policy: a press release may be issued as soon as the ahead-of-print manuscript 
4. Korrespondenz mit dem Editor 
4.3 Endgültige Annahme 
60 
is posted on the JCM Accepts page. To be notified as soon as your manuscript is posted, 
please sign up for e-Alerts at http://journals.asm.org/cgi/alerts/etoc. 
 
IMPORTANT NOTICE: Effective April 2008, the NIH initiated a policy requiring that all 
investigators funded by the NIH either submit or have submitted for them to the National 
Library of Medicine's PubMed Central an electronic version of their final peer-reviewed 
manuscripts upon acceptance for publication, to be made publicly available no later than 
12 months after the official date of publication. Authors of ASM journal articles are 
automatically in compliance with this policy and need take no action themselves. For the 
past several years, the ASM has deposited in PubMed Central all publications from all 
ASM journals. Further, all primary ASM literature is made available to everyone, free, 6 
months after publication through PubMed Central, HighWire, and international PubMed 
Central-like repositories. By having initiated these policies, the ASM is in full compliance 
with NIH policy. 
 




Gary V. Doern 
Editor in Chief 
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